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Many of our readers have very definite views on vacuum 
matters and we are often asked what are our intentions with 
regard to them. It has occurred to us, where an important 
matter cannot be dealt with in article or letter form, that we 
could valuably deal with it editorially. We are glad to 
publish therefore on this occasion a communication from a well 
known University man who is much concerned with vacuum 
equipment, both for research and teaching, on a subject which 
is becoming increasingly more thought-provoking as the com- 
plexity of research equipment grows. 


ACADEMIC VERSUS INDUSTRIAL NEEDS 


THE SPECTACULAR DEVELOPMENT of vacuum technique 


in the last one or two decades has raised a problem | 


which I want to discuss briefly. Not so long ago 
high vacuum was regarded purely as a research tool. 
The manufacturer of vacuum equipment knew that 
his ware would be mainly used by research scientists 
accustomed to handle delicate apparatus and not 
afraid of modifying, sometimes out of all recognition, 
bought instruments to suit their particular needs. 
As industrial applications of high vacuum became 
more numerous the character of vacuum equipment 
changed and adapted itself to its new surroundings 
and to a new type of user. 

Vacuum equipment for industry has to fulfil 
conditions which are more stringent than they were 
in bygone days. The apparatus must be sturdy 
and well protected against the hazards of industrial 
use. Possibilities of breakage through carelessness 
or of damage through thoughtlessness should be 
reduced to a minimum. In short, the apparatus 
must be capable of being used by the semi-skilled 
worker so that the valuable time of the trained 
scientific staff need not be wasted on routine work. 

Vacuum installations and accessories with such 
desirable properties should, at first sight, be equally 
acceptable to the University research man, but the 
question is, whether he can afford them, and whether 


they will serve him well in every way. Most of 
these new instruments designed primarily for indus- 
trial use are of necessity more expensive than the 
simple instruments of the earlier days of vacuum 
technique and it is their high cost that often compels 
University laboratories to make do with home-made 
improvisations. 

One might say that cost counts just as much 
with an industrial firm, but there is a fundamental 
difference. In business, high capital cost of 
equipment can be justified if it results in increased 
efficiency. This however is not true for a University 
laboratory which exists for the double purpose of 
advancing knowledge and of training people to this 
end. The usefulness of such a laboratory cannot be 
measured simply by the degree of its efficiency or 
by the volume of its scientific output. Training for 
research aims among other things at a thorough 
understanding of the physicist’s or chemist’s tools 
of trade, their potentialities or their limitations, and 
it is doubtful whether this can be achieved by the 
use of industrial vacuum apparatus in which flexi- 
bility takes second place to reliability and ease of 
operation. I think therefore that there is still a 
demand for simple, adaptable and cheap vacuum 
equipment to cater for the great variety of applications 
one encounters in University laboratories. 

In discussing this question I may have worried 
unduly about the special needs of University labora- 
tories being overlooked by the vacuum industry, and 
I may even have drawn too general conclusions from 
the few cases in which such trends could be discerned. 
But the fact remains that there are two main classes 
of users of vacuum equipment with different and 
often conflicting needs. I believe this problem must 
be faced squarely and tackled generously so that the 
present friendly co-operation and mutual goodwill 
between University laboratories and the vacuum 
industry may be retained and further strengthened. 
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Professor Strong was born at Riverdale, Kansas, U.S.A. in 1905. He received his professional education 
at Kansas University and the University of Michigan. In 1930, he joined the staff of the California 
Institute of Technology and was appointed Assistant Professor of Physics at that Institute in 1937. Five 
years later he was called to Harvard University, where he remained for three years. It was then that his 
association with the Johns Hopkins University began. Initially, in 1945, he was installed as Professor of 
Physics. A new laboratory was established at Hopkins in 1952 under the name ‘ Laboratory of Astro- 
physics and Physical Meteorology’. Here the results of experimental physics are being applied to the 
study and solution of problems in astrophysics and meteorology. Professor Strong was made Director 
and appointed Professor of Experimental Physics. 

Professor Strong has worked primarily on infra-red spectroscopy concerning himself in particular with 
the growing of crystals and the design of spectrometers but there are other aspects of his work which 
are of more immediate interest to us and our readers, i.¢., his important contributions to the development 
of thin evaporated films (both high and low reflection types). 


He was the first in 1930 to evolve a practical technique of evaporating aluminium from thick tungsten 
filaments and in 1935 he followed this up by evaporating calcium fluoride on glass to give an anti-reflection 
coating. Here again he was the first to find a practical solution to a problem which had vexed research » 
workers for a long time. These two discoveries have been mainly responsible for the application of vacuum 
evaporation in the optical industry, today established as a routine process. He coated the large astronomical 
telescope mirrors at Mt. Hamilton, Mt. Wilson and Mt. Palomar—the largest being 200 inches in diameter 
—with their reflecting layers of aluminium. ° 

Recently, Professor Strong has been active in the production of diffraction gratings and in the measure- 
ment and interpretation of the atmospheric absorption of infra-red radiations. 

Professor Strong is the holder of the Longstreth and Levy Medals and is the ee of the well-known 
book ‘ Modern Laboratory Practice ’. 
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Summary 
A VACUUM EVAPORATION APPARATUS is described which 
consists of an all-metal bell jar, fitted with two observation 
windows, connected through a liquid-air trap to a mercury 
diffusion pump unit which is fitted with a dry ice trap at 
the throat of the pump. The bell jar and liquid-air trap 
can be placed in an oven for baking out up to a temperature 
of 160°C. A McLeod gauge joined to a trap which, in turn, 
is connected via a stopcock to the backing line of the 
diffusion pump can be used for the measurement of the 
throughput of gases and vapours during and after baking. 
The apparatus facilitated the production of silver films 
with an exceptionally low absorption. A discussion of the 
performance of the plant is added. 


ON A BAKABLE EVAPORATION APPARATUS, 


Director, Laboratory of Astrophysics and Physical Meteorology 
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Johns Hopkins University, Baltimore, U.S.A.1 


Sommaire 

L’ON DECRIT UN APPAREIL consistent en une cloche entiére- 
ment métalliqu:, munie de deux houblots, raccordée a 
travers un piége a air liquide 4 une pompe 4a diffusion a 
mercure, laquelle porte un piége 4 CO, autour du col. La 
cloche et le piége 4 air liquide peuvent étre mis dans un 
four, en vue de recuit jusqu’a 160°C. Une jauge McLeod 
reliée a un piége, lequel, de son c6té, est raccordé par un 
robinet a la canalisation primaire de la pompe a diffusion, 
peut étre utilis¢ée pour la mesure de l’écoulement de gaz et 
vapeurs pendant et apres le recuit. Cet appareil facilite la 
production de films d’argent ayant une absorption exception- 
nellement faible. Une discussion des performances de 
linstallation est jointe. 


INTRODUCTION 


THE LITERATURE OCCASIONALLY REPORTS that certain 
evaporations to produce thin films were made at 
10-°mm. Hg or some such pressure. Actually what 
should be said is that this was the pressure when the 
evaporation was started; the pressure thereafter 
often rises quite high, due to gas liberated by the 
heated material or due to such outgassing of the 
evaporation apparatus walls as is stimulated by this 
hot material ; and this pressure rise comes at just 
the time when the pressure should be lowest. 

‘This paper describes an apparatus intended to 
reduce such pressure rises, and means of measuring 
either the pressure rise due to evaporation or the 
outgassing which occurs prior to evaporation. 


t M.S. received December, 1952. 


APPARATUS 


‘The apparatus is shown in Fig. 1. It comprises a 
steel bell jar on a steel base plate and a connected 
mercury diffusion pump for evacuating the bell jar. 
The opaque bell jar is fitted with two observation 
windows, and the base plate is penetrated with six 
current-carrying electrodes. . 

The seals at the windows and electrodes, as well 
as the seal between bell jar and base, are all double 
gasketed. Means to evacuate between the gaskets 
with a mechanical pump, to a millimetre or so, are 
provided. Thus the inner gasket has only to seal 
the vacuum against a pressure of 1/1,000 atmosphere, 
or less. By this means leaks are reliably avoided. 
The insert in Fig. 1 shows the detail of the base-to- 


* This work was supported by ONR Contract. 
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bell jar seal. The windows were sealed to the bell 
jar with two lead gaskets. Owing to the conductivity 


of the lead, the electrodes were sealed with two — 


silastic sleeves. Silastic is a commercial rubber-like 
material* of silicones, and it can withstand heat 
to 200°C. 

The use of a mercury diffusion pump avoids the 
contaminations of the vacuum system with oil which 
are attendant to the use of an oil diffusion pump. 
The mercury pump is provided with a dry ice trap 
just above its throat. It is connected by means of a 
steel tube to a liquid air trap depending from the base 
plate, as shown in Fig. 1. A heating oven encloses 
the bell jar and its contents ; the base plate ; this 
liquid air trap ; and a part of the connecting steel 
tube. All these can be baked out overnight (or as 
long as desired) under vacuum and at a temperature 
of 160°C. 

The dry ice trap impedes the diffusion of mercury 
vapour up-stream from the diffusion pump into the 
bell jar. Such mercury as does get into the hot bell 
jar is later removed. After the all-night bake out, 
when the oven is removed, liquid air is immediately 
put around the depending trap, with the bell jar and 
its contents still at 160°C to remove mercury vapour 
and other condensables. While the bell jar and its 
contents cool to room temperature, for execution of 
the evaporation, liquid air is kept on this trap, to 
cause it to continue to act as a fast pump for mercury 
and other vapours. 

The means of measuring the rate of outgassing, or 
pressure, is a further feature of this apparatus. The 
rate of exhausting gases and vapours is usually 
inferred from the measured pressure. Here, we 
measure the rate of exhaustion and infer the pressure, 
as follows : A conventional McLeod gauge is con- 
nected through a small glass refrigerated gauge-trap, 
as shown, to the exhaust port of the mercury diffusion 
pump. Stopcocks between these connections and the 
mechanical backing pump allow one to cut off that 
pump and collect the gases which are exhausted by 


* We have obtained satisfactory gaskets for the bell-jar base, 
as silastic O-rings, from three of the firms which fabricate 
this material for Dow Corning Corporation of Midland, 
Michigan, U.S.A. 


the diffusion pump in the McLeod gauge for half 
a minute or so. The time is chosen so that the final 
observed McLeod gauge pressure is an order of 
magnitude, or more, greater than its starting pressure. 
The product of the final pressure, in microns and the 
volume (0.4 litres), when divided by the collection 
time in seconds, yields the so-called throughput of the 
pumping system, in litre-microns per second. For 
equilibrium conditions this throughput is proportional 
to the rate (number per second) of removal of mole- 
cules of gas and vapour by the pumping system. 
When a refrigerant is put in the gauge-trap (dry ice 
and acetone, or liquid air) one can infer something 
of the chemical species of exhausted gases—if the 
McLeod pressure rise is unaffected, the pumps are 
delivering gases ; if the pressure rise in a given time 
is greatly diminished, the pumps are delivering mostly 
condensable gases or vapours. 

The throughput thus obtained measures the rate 
of leaking, or of outgassing. If the collection time 
includes the firing of an evaporating coil, then the 
additional stimulated outgassing is included. 

The pressure in the bell jar can be inferred from the 
measured throughput if the effective speed of pump- 
ing, S, is known. This pressure, P, is given in 
microns if the throughput, T, is in litre-microns per 
second, and if S$ is in litres per second. This pressure 
is given by the relation 


P = 


S 


S can be estimated from the known pumping speed 
at the throat of the pump, S,; and from the 
computed speed of the pumping channel which 
connects this to the bell jar, S’. 

The pressures which derive from throughput may 
have unknown errors, due to uncertainty in effective 
pumping speed ; but they afford the experimenter a 
simply interpretable and reliable indication of how 
his system is working. 

For the straight horizontal tube of radius r = 25 
mm. and length 1 = 500 mm. (which was the 
‘Bottleneck’ of the pumping channel) we got 
for S’: 
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A BAKABLE EVAPORATION APPARATUS 


HEATING OVEN 


DETAILS OF Be: 
SEALS N STAINLESS STEEL 


BELL JAR 
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Fig. 1. General Arrangement of Bakable Evaporation Apparatus and Throughput Gauge. The stainless steel bell 
jar is 12 inches inside diameter and 24 inches inside height. The heating oven can enclose and bake out the bell jar, 
base plate, liquid air trap, and connecting steel tube up to the dry ice trap. This oven is easily removable. Guard 
ring pumping channels and manifolds for the bell jar, windows, and six electrodes are shown, with details of double 
gasketing at the left. The throughput gauge consists of the all-glass diffusion pump and the backing mechanical pump, 
trap, and McLeod gauge. Its operation is described in the text. The diffusion pump used was an ordinary 
commercial type, GHG 15, manufactured by Distillation Products Inc., Eastman Kodak Co., Rochester, N.Y. 
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r? 
10 litres /sec. 
We estimated § = 2 litres/second at P = 10% 


microns (10-7 mm. Hg). 


RESULTS 


greater than from a pre-fired aluminium charge. 
Dr. Mooney can regularly make silver films with 
this evaporation apparatus which give 100 or more 
successive images of a tungsten lamp filament when 
tested after the manner described earlier in this 
Journal by Tolansky'. 


8 


Fig. 2 gives a typical 
throughput curve for a 
bake-out. For the first 
ten hours the oven was at 
160°C. The system was 
cooled thereafter for three 
hours. At the end of this 
time pressure was calcu- 
lated to be P = 10°*mm., 


io) 


So 


COLLECTION RATE — #/MINUTE 
b 


OVEN HEATED 


We have not made 
enough measurements 
with a refrigerant only in 
the McLeod trap to report 
on the chemical species in 
the exhaust except to 
say the exhausted gases 
are mostly condensable 
with liquid air refrigerant. 


OVEN REMOVED 


Hg. The integration of 


TIME — HOURS 


DISCUSSION 


the area under such curves 
as this, shows that the 
total gas and vapour re- 
moved from the system ranged up to 10 litre-microns. 

Dr. Frank Mooney of this laboratory has measured 
outgassing and the outgassing produced by firing the 
evaporation coil under many conditions, and he will 
publish his results in the near future. 

The amount of gas released with an unfired 
aluminium charge is generally about five times 


His last sentence reads, ‘ One is enabled from an observa- 
tion of the spaces between the mercury drops (in a 
backing Sprengle-type pump) to judge directly, even 
only qualitatively, the degree of vacuum attained ’. 


t We have also used the exhaust pressure to estimate bell- 
jar pressures. As yet this has not been worked up as a 
continuous indication, but it well could be. 


Fig. 2. A typical throughput curve for a bake out. ~ 


The method of inferring 
pressure from outgassing 
rate, described in Harrington’s paper®*, is very 
similar to ours. Also the paper of Monk** is a cogent 
literature reference in this connection. 

The experience that a mercury pump is preferable 
to an oil diffusion pump, as reported by Tolansky, 
for making silver films is confirmed. 

Aluminium films prepared in this apparatus are of 
the higher reflecting type in the ultraviolet. 

Further work on outgassing needs to be done, and 
can be done, with such apparatus as that described 
above. We do not think this would be possible with 
an oil pump—although the mercury pump dis- 
charges some gases when it is first heated, we feel it 
is only an evanescent source of gas itself. 
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Summary 

THE DEMAND FOR high purity metals is steadily increasing. 
There are many fields of applications where small traces of 
oxygen, hydrogen and nitrogen in these materials can have 
detrimental effects on the performance of the apparatus 
concerned. In the past, mainly ‘ wet’? methods were used 
for the determination of these elements in metals but the 
vacuum fusion method which came to be known in the 
1920’s offers many advantages regarding speed and con- 
venience and is now well established. The author discusses 
the present state of this technique in all its aspects. 


THE VACUUM FUSION TECHNIQUE 


as applied to the analysis of gases in metals 
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Sommaire 
LA DEMANDE APRES des métaux de haute pureté est en 
continuelle augmentation. Il y a de nombreux champs 
d’application oti de faibles traces d’oxygéne, d’hydrogéne, 
d’azote dans ces matériaux ont des effets nuisibles pour le 
bon fonctionnement des appareils en question. Dans le 
passé, lon employait surtout des méthodes ‘ mouillées ’ 
pour la détermination de ces éléments dans les métaux, mais 
les méthodes, dites de fusion sous vide, qui devinrent 
connues dans la troisitme décade de ce siécle, offrent de 
nombreux avantages concernant la vitesse et application 
aisée, et elles sont bien établies aujourd’hui. L’auteur 
discute l’état actuel de la technique, sous tous ses aspects. 


INTRODUCTION 


THE DETERMINATION OF ELEMENTS such as oxygen, 
nitrogen, and hydrogen in low percentages in metals 
presents many difficulties to the analyst when 
conventional wet methods are used. Very large 
samples and long, tedious separations are frequently 
necessary. Hence a new approach to the problem 
was tried and this finally resulted in the now well- 
established vacuum fusion techniques. 

Many metallic oxides can be reduced to metal by 
carbon with evolution of carbon monoxide. Con- 
ducting the carbon reduction in a vacuum results in 
the rapid removal of the carbon monoxide and results 
in quantitative evolution of carbon monoxide. 
Solution of dissolved gases in the melt is also of 
course greatly reduced by high vacuum. Basically, 
the analysis depends on the reduction of the metallic 
oxides and thermal decomposition of the nitrides and 


*M.S. received April, 1952. 


hydrides with subsequent rapid removal of the 
resulting gases CO, N, and H, from the furnace. 

The quantity of the gases liberated from a metal 
may be readily measured with a high degree of 
precision by conventional and relaively simple 
equipment. Hence, it is only necessary to heat the 
metal in the presence of graphite or carbon to a 
temperature above its melting point under a good 
vacuum, and then to lead the evolved gases through 
a suitable train containing some means of separating 
and measuring the gases. Fortunately these three 
gases, which are the most troublesome to the metall- 
urgist, are very easy to separate. Hydrogen and 
carbon monoxide are readily converted to water and 
carbon dioxide respectively by passing over copper 
oxide heated to 325°C. The nitrogen remains 
unchanged. 

The converted gases may be readily separated by 
either chemical absorbents or by selective freezing. 
The measurement of their respective quantities is 
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easily accomplished by taking pressure readings in a 
known volume with a McLeod gauge. 

These are the basic principles of vacuum fusion 
analysis which will be discussed in detail later in this 
article. 


HISTORY 


About 1927, Oberhoffer and Schenck”? published 
a report in Stahl u. Eisen leading to the development 
of the vacuum fusion method for gases in metals. 

At about the same time, Jordan and Eckman”, of 
the U.S. Bureau of Standards, reported a similar 
development in a Bureau of Standards Science Paper 
No. 514 (1925). (See also ref. nos. 13 and 42.) 

Sloman and associates in England commenced a 
very comprehensive study of this method as a function 
of the Oxygen Subcommiitee of the Committee on 
Heterogeneity in Steel Billets. (See ref. nos. 2, 21, 
25, 26, 29, 30, 31, 32, 33, 34, 35, 37, 39, 40, 41.) 

These three groups pioneered in the field and were 
later followed by many others. About forty-seven 
papers on this subject are listed in the bibliography. 
To the best of the author’s knowledge, this is a 
fairly complete compilation. 


APPLICATION AND NEED FOR SUCH 
ANALYSES 


The recent interest in very high purity metals has 
necessitated an accurate method for the assay of 
residual gases in these metals. Melting and casting 
in vacuo or in inert atmospheres at low pressures are 
frequently used in the preparation of high-purity 
metals. In spite of precautions and excellent 
techniques now available, there is always some 
residual gas either dissolved in the metal or in actual 
chemical combination. 

These traces of oxygen, nitrogen, and hydrogen 
have recently been shown to produce marked effects 
on such properties of certain metals as elevated 
temperature strength, impact strength, ductility in 
tension and bending, and general workability. 

Even in ordinary steel plant procedure it has 
become increasingly important to know the gas 


R. A. YEATON 


content of metals even during the melt. A very high 
speed vacuum fusion apparatus with a special 
sampling device was recently devised by G. Derge® 
for this purpose. 

Radio manufacturers are plagued with problems 
involving gases in tubes, and an extensive research 
has been undertaken by the ASTM Committee B-4 
Sub. VIII, Sec. A, to investigate the gas content of 
the nickel cathodes used in these tubes. 

Users of high conductivity copper, particularly in 
the electronics industry, now require gas-free material 
in order to obtain the ultimate in conductivity, 
desirable mechanical properties, and minimum 
exhaust cycles. 


PRINCIPLES INVOLVED 


Since the accuracy of any determination depends 
on the accuracy of measurements involved, it will be 
necessary to review the fundamental measurements 
which are based on the gas laws. 

All the products given off and measured are gases 
with relatively low pressure. The actual measure- 
ments from which gas quantities are calculated are 
pressure-volume measurements made with the 
McLeod gauge. Pressure readings in a known 
volume are taken and these are converted to grams 
of gas by application of the ideal gas law. 

The measurements are made at room temperature, 
and conditions are such that temperature changes of 
5°C from the mean do not materially affect the 
accuracy of the determination even when no correc- 
tion is made. An illustration of the method follows : 

Assume that all the gas from any particular phase 
of the analysis is compressed into the capillary of 
the McLeod Gauge. The volume of the gas in 
such a case is equal to the cylindrical volume of the 
capillary or tr*h where ‘h’ is the length of the 
capillary in which the gas is contained, and ‘r’ is 
the radius of the capillary. Since the pressure ‘ p’ 
expressed in mm. Hg of the gas is also equal to ‘h’, 
the differential in height between the mercury 
columns, the ‘ pv’ product may be expressed as 


pv = arth? (1) 


Now the ideal gas law states that py = N R T, 
where ‘ N ’ is the number of mols of gas present, ‘ R’ 
is the gas constant in suitable units, and ‘ T,, ’ is the 
temperature in °K. Then, since the molecular weight 
M x the numbers of mols of gas N is equal to the 
weight of the gas in grams G by substituting and 
solving the above equations we have 

Mr 


of gas R (2) 


or for practical purposes we may combine corstants 
and convert to per cent directly 
K bh? 


Gas., = 3 
wt. of sample 3) 


100 M 
where K = 


When metallic oxides are reduced by carbon under 
vacuum, and at proper temperatures, the reactions 
are nearly quantitative in most instances. It has been 
shown by numerous workers that under the operating 
conditions of vacuum fusion analysis, the gases given 
off consist solely of carbon monoxide, nitrogen, and 
hydrogen, and that there is no evidence of further 
reaction between these gases. A study of the 
thermodynamics of the specific metals and metal 
oxides involved will indicate the proper running 
temperature in most cases. A rule of thumb that 
works for a large number of metals is to maintain 
the reaction temperature about 200°C above the 
melting point of the metal. 

In the metals usually encountered, nitrides and 
hydrides are generally decomposed by thermal 
decomposition. Hydrogen in solution or mechanic- 
ally held is so fugitive and so easily lost in vacuum 
that special techniques are needed for its determina- 
tion. (See Derge, Peifer, Richards".) 


PROBLEMS INVOLVED 


The problems involved in the construction of a 
vacuum fusion apparatus are numerous, both from 
the theoretical and the practical mechanical points of 


view. 
Under the pressures usually obtained in vacuum 
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fusion work, the movement of gases is either in slip 
flow or molecular flow®. In both these cases, large- 
bore tubing is desirable for maximum speed and, 
since the speed of transfer is inversely proportional 
to the length of the tubes, as short connections as 
practicable are desirable ; a compromise diameter of 

tubing for most of the gas paths lies in the region of 

12-15 mm. tubing. 

Perhaps the most difficult problem involved is in 
the construction of the furnace. Here the operator 
is faced with the need for high temperatures with low 
thermal losses, a furnace chamber that is convenient 
to handle and clean, one that is vacuum-tight under 
all operating conditions, and one which will neither 
give up nor absorb appreciable quantities of gas for 
the analysis of the sample. It must also be so 
designed that the source of energy for heating is 
entirely external to the furnace. Resistance heaters 
are in general unsuitable, although a carbon spira! 
has been used with some success. 

The use of ceramics as insulators is undesirable 
from two aspects. First, such material is quite 
difficult to outgas thoroughly, and if in contact with 
hot metal some gas may be given off by a reaction 
between the metal and the oxides in the ceramic. 

In modern equipment heating is done inductively ; 
the body of the furnace is either quartz or pyrex and 
the insulating material is usually graphite. In the 
writer’s opinion, one of the best furnaces developed 
to date is that of Guldner and Beach.” 

The furnace shown in Fig. 1 is a modification of 
the Guldner-Beach furnace used by the author. It 
consists essentially of an air-cooled pyrex shell, inside 
of which is suspended a quartz tube. This in turn 
contains an insulating layer of graphite (passing the 
200 mesh sieve) which supports a graphite crucible. 
The crucible in this type of setup serves a dual 
purpose, as a container for the melt and as a source 
of carbon for the reduction. In this furnace temper- 
atures above 2,400°C have been readily and safely 
attained, and outgassing is quite rapid with the 
subsequent production of very low blanks. Less 

than 2 kW input from a spark gap converter con- 
sistently produces temperatures as high as 2,400°C 
in the author’s apparatus. Both spark gap and 
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Modified Guldner - Beach 
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Fig. 1. 
furnace. 


be capable of operating against 
reasonably high fore pressures. The 
magnitude of these fore pressures 
will, of course, depend on the size 
and gas content of the samples 
being tested, and also on the design 
of that portion of the apparatus 
which follows the transfer pump. 
Two- to four-stage mercury diffu- 
sion pumps with speeds ranging 
from 6 litres per second upward 
are in current use. 

Obviously, some kind of valving 
system is necessary in such equip- 
ment. There are two schools of 
thought on this matter. One holds 
that only mercury cut-offs are 
entirely satisfactory since they are 
absolutely leakproof and can neither 
absorb nor give off gas during their 
use. Ashley! and his co-workers* 
on the other hand, have had excel- 
lent results by using large-bore 
(10 mm.) stopcocks which are very 
accurately ground to insure vacuum 
tightness. The author feels that 
these properly ground plugs are 
perfectly satisfactory from the 
leakage angle, but is willing to 
admit that there is at least an aca- 
demic argument on the possibility 


electronic-type converters are in common use and 
appear to be equally satisfactory. The former is 
very easily maintained and has a broad peak while 
the latter is more complicated and has a very sharp 
peak. 

Extremely rapid removal of the evolved gases from 
the furnace is absolutely imperative. Therefore, a 
high-speed transfer pump of the mercury diffusion 
type must be coupled as closely as possible to the fur- 
nace. In addition to high speed, such a pump should 


of outgassing or absorption by the 
grease. However, exhaustive tests by Ashley indicate 
that there is no perceptible effect from this source. 

The problem of ‘ gettering’ is sometimes very 
serious. There is a marked tendency for the fresh 
metallic coating produced on the upper part of the 
furnace by vaporisation during the heating to absorb 
or combine with the evolved gases. Since it is 
impossible to suppress completely the formation of 
this film, a certain amount of the gas may always be 
lost. Among the metals commonly encountered, 
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manganese is the worst ‘ getter.’ : 

There are several methods which tend to reduce 
‘gettering’. First and simplest is to use the most 
rapid transfer pump obtainable, in order to reduce 
to a minimum the contact time between vaporised 
metal and the gaseous product. This works because 
a large portion of the gas is given off very rapidly at 
the start of the reaction. It is common practice to 
lower the temperature of the furnace somewhat, just 
before dropping the sample. Therefore, the temper- 
ature of the metal is still not at its maximum, and 
lience the vapour pressure is somewhat lower than at 
the end of the heating period. 

Dilution of ‘gettering ’ metals with large quantities 
of other metals as iron reduces the tendency of the 
‘getter’ to vaporise. In a few cases, it may be 
possible to provide in the melt some metal which will 
volatilise as rapidlyas the ‘getter’ and co-deposit with 
it. Of course, this added element must be a ‘ non- 
getter.” However, even if this were generally 
possible, the presence of too many elements is 
undesirable. Fortunately, in the majority of cases 
the above precautions inhibit ‘ gettering’ to the 
point where it is not too serious. The vacuum fusion 
method for gases in metals with low melting points 
and high vapour pressure is not satisfactory. 

Once the gases have been removed from the 
furnace and transferred to the analytical section of 
the apparatus, many arrangements for circulation, 
conversion, and measurement of the gases are 
possible. Convenience of operation and the user’s 
personal preference seem to be the only deciding 
points in selecting a choice of one of these. Only 
a few requisites are involved in this construction. 
First, some means must be provided for circulation 
of the gas through the analytical system. Second, 
the carbon monoxide and hydrogen must be con- 
verted to carbon dioxide and water respectively. 
Third, some means, either chemical or physical, must 
be provided to separate the CO,, H,O, and N, 
quantitatively, and last, an accurate measuring device 
to estimate the quantities of the gases collectively and 
individually. 

The possible combinations of such a system are too 
many to enumerate, so only a few will be briefly 
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outlined. The illustrations, Figs. 2 and 3, included 
here show the author’s arrangement. This is not 
intended as an example of the ultimate obtainable in 
vacuum fusion apparatus, but has proved quite 
successful over a long period of time. A survey of 
the literature in the bibliography will provide the 
reader with numerous excellent arrangements. For 
example, a number of operators prefer a type of 
apparatus in which the sample is outgassed as usual 
and the total quantity of gas is measured. This gas is 
then transferred, usually by means of a Toepler pump, 
to a suitable external gas analysis apparatus. At least 
one such apparatus is currently available com- 
mercially. Comparatively large samples are required 
and, of course, there is always some gas lost in the 
transfer. However, this loss may be corrected by 
use of a suitable factor obtained through calibration. 
Advantages lie in the fact that only a small unit is 
needed for the extraction, and that analysis of the gas 
can readily be made to include a much wider variety 
of elements. Such a procedure could be followed 
with the author’s apparatus by removing the gas 
through the special leak-proof cutoff after the initial 
measurement of the total gas quantity has been made. 

By proper valving, the pump used to transfer gas 
from the furnace to the analytical system may also be 
used as the circulating pump and this is done in many 
cases. The author prefers to use separate pumps for 
these purposes in order to insure complete outgassing 
of the furnace between analyses. 

Measurements of gas pressure are always made 
with a McLeod Gauge. It is conceivable, however, 
that some modifications of an ionisation gauge might 
be equally satisfactory. There are at least academic 
questions as to the reliability of such a gauge when 
applied to pressure measurements of mixtures of 
different gases. Also from a practical point of view 
measurements on an ionisation gauge cannot be used 
without trapping out mercury vapour. 

Measurements of the gas pressure must be made, 
of course, in a known volume for purposes of 
computation. They may, however, be made either 
statically or dynamically. In the former case, it is 
customary (see Fig. 3) to pump the gas with the 
diffusion pump into a Toepler pump and then 
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transfer this to the measuring system. In the latter 
case, a specially constructed diffusion pump with 
well-defined volume on the fore line side (see 
Naughton and Uhlig) is used and the pressure of 
the fore line of this pump is measured. 

Both systems appear to be equally accurate when 
properly used, and again it would seem that only 
personal preference would dictate a choice. 

Since the quantity of gas encountered, and hence 
its pressure may vary quite considerably, some means 
must be used to extend the range of the McLeod 
gauge. Ifthe dynamic system is used, a double 
McLeod or a triple-range McLeod may be used. 
Calibration problems are somewhat greater in these 
cases. 

In the case of the static system auxiliary calibrated 
expansion bulbs may be valved to the McLeod gauge. 
If too much gas is present to measure in the McLeod, 
it is allowed to expand into one or more of these bulbs 
and the pressure is again determined. A simple 
multiplication will then suffice to convert the new 
reading to a useable form. The expansion bulbs have 
the further advantage that they may be used to take 
an aliquot sample of the gas thus still further extend- 
ing the range of gas quantity which can be handled. 

Conversion of the CO and H, to CO, and H,0O is 
very simple, and except for a few minor modifications 
is generally standard. Copper oxide heated to about 
325°C is the active agent in nearly all cases. This is 
usually placed in a trap of conventional design and 
the gases passed over it. Fine CuO powder may be 
dispersed in glass wool. CuO may be precipitated on 
chips of alundum or a special mixture of Kaolin, 
Mischmetal and CuO, as described by Walter*®, 
may be used. All have their staunch adherents and 
all seem to work equally well. 

Separation of the gases may be accomplished either 
chemically or mechanically or by a combination of 
both. Water vapour is quantitatively and selectively 
absorbed by Mg(C10,), and this material is readily 
reactivated by heating in vacuo to 250°C. CO, may 
be absorbed in Ascarite or a similar reagent, but this 
must be periodically replaced, which is a nuisance, 
since it involves cutting the system open and fusing 
in a new tube of absorbent. 
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CO, is readily frozen out by immersing a double 
trap in liquefied nitrogen. The CO, is released when 
the temperature is allowed to rise to about -90°C by 
replacing the liquefied nitrogen with a slush of dry 
ice and acetone. The latter will hold the water vapour 
pressure to a very low value. The dry ice and acetone 
mixture is a minor nuisance to prepare, and the author 


now uses Mg(C10,), to absorb the water vapour 


and separates the CO, with liquefied nitrogen. 

In general, the author believes that an apparatus 
which is completely fused together will give the least 
trouble in the long run, but apparatus have been built 
and given good performance in which nearly all parts 
were assembled with standard taper ground glass 
joints using Apiezon W as the sealing medium. 
Obviously, since the furnace must be opened at 
frequent intervals some kind of readily removable 
joints are needed here. Rubber connections any- 
where in the analytical system are definitely undesir- 
able, both from the standpoint of possible leakage and 
the more important point of outgassing. 


METHOD OF ANALYSIS 


Since all techniques of analysis are largely 
dependent upon the individual apparatus, only a 
brief and general outline will be given. 

After loading the samples into the loading arm and 
closing and evacuating the apparatus, the furnace 
temperature is raised to 2,200-2,400°C for several 
hours to outgas the furnace thoroughly. The 
temperature is then lowered to the running temper- 
ature (in many cases about 1,650-1,750°C) and a 
blank is run by pumping the gas from the furnace 
into the analytical section and measuring the 
quantities of N,, O,, and H, evolved, for a length of 
time equivalent to that required to run a sample. If 
the blank is sufficiently low, the samples which have 
been previously cleaned and stored in the loading arm 
are introduced to the furnace and the evolved gases 
determined. 

The time required to outgas a given sample 
depends on many factors such as the nature of the 
material, design of equipment, pumping speeds, size 
of sample, quantity of gas present, etc. As a broad 
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generality, 10 to 20 minutes is apparently a satis- 
factory range of time for removing the gases from 
nearly all the metals generally encountered in vacuum 
fusion practice. The gases are then converted to CO,, 
H,O, and N,. The N, and CO, are then separated 
and measured individually. The water vapour is 
determined by difference :- 


P total = Pn,-+ Pco + Pu, 

P total — (PN, +- Pco,) = Pu.o 
Simple mathematical computations then convert 
these readings to per cent gas. 

The degree of solubility of carbon in the metal to 
be analysed is a very important criterion for successful 
analysis. In cases where the solubility of carbon is 
low, greater distribution of the carbon is achieved by 
the use of an iron bath. In this technique, iron 
saturated with carbon is introduced to the furnace 
after the latter has been thoroughly outgassed. The 
saturated iron is in turn outgassed and the samples 
are dropped into the molten iron. This insures a 
good contact between the carbon and the specimen. 
(See Sloman*!.) 

The iron bath technique is also very useful when 
certain refractory metals are encountered. Fre- 
quently a reasonably low melting alloy is formed 
between the iron bath and the element under test, 
thus allowing the use of fairly low temperatures. 

In the case of titanium, a metal in which there is 
great current interest, private communications have 
indicated that with slight modifications the iron bath 
technique may be used to determine oxygen in 
titanium accurately. 

Another excellent and quite unique method for the 
determination of oxygen in titanium has been devised 
by Walter*®. In this method, the titanium is 
completely converted to the carbide by adding 
graphite shavings to the crucible and employing 
temperatures up to 1,900°C (well above the melting 
point of titanium.) Tin is also added to assist in 
the reaction. In practice, the crucible and graphite 
shavings are thoroughly outgassed, then a gram or 
two of tin is added and heated to 2,000°C to coat the 
inside of the apparatus. Approximately quarter- 
gram samples of titanium wrapped in about 0.5 gram 


of pure tin constitute the specimens. A piece of tin 
equal to the weight of the wrapping is dropped in 
and run as a blank. The specimens are then added, 
run, and the evolved gases corrected for the blank. 

The above method has been checked against known 
standards and is virtually 100% quantitative. The 
author has checked this method and found it to give 
excellent reproducibility even when used with 
equipment which is somewhat different in design 
from that of Mr. Walter. 

The nitrogen unfortunately, is not given off 
quantitatively, probably due to formation of a stable 
carbonitride. 

It is claimed that with running temperatures of 
1,800°C the iron bath technique gives equally good 
results and in addition gives nitrogen results compar- 
able with those found by the Kjeldahl method. 

In spite of a fairly wide variance in apparatus, 
design and techniques, remarkably close results are 
generally obtained by experienced operators on the 
same sample. Sampling, of course, is a very difficult 
problem as samples are small (0.5-4g.) and the 
slightest amount of segregation in the sample can 
produce large discrepancies. 

Samples are best taken from solid stock and cut in 
such a way that no part of the sample includes an 
outside surface of the metal. Outside surfaces are 
generally oxygen-rich, and high results will be 
obtained. Conversely, a sample should not be taken 
from the very centre of the specimen. The samples 
may be in the form of spheres, cylinders, or cubes 
and are generally cleaned by abrading with silicon 
carbide paper and degreasing in CCl, or acetone. 
Comparison of vacuum fusion techniques with wet 
methods and some of the newer instrumental methods 
show good correlation between results”. 

The upper limits of gas content are determined by 
the individual apparatus to a large extent, but when 
the total gas content of a specimen exceeds 2°%, by 
weight the vacuum fusion technique tends to become 
impractical though not impossible. Lower limits of 
accuracy depend on the choice of dimensions for the 
McLeod Gauge and the size of the blank. However, 
on truly homogeneous specimens, reproducibility in 
each of the three gases to 0.0002 % by weight is readily 
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achieved. The absolute accuracy of any determina- 
tion is difficult to define as few, if any, standards are 
available and the preparation of these is very difficult. 
There are also no very reliable wet methods of 
checking the results. However, there appears to be 
good reason to believe that oxygen results on samples 
containing as little as 0.001 °% oxygen by weight are 
accurate to 0.0005 °/, deviation from the mean. For 
example, a recent set of analyses on nickel gave the 
following results : 


Nz O; H, 
0.00031 0.0074 0.00028 
0.00030 0.0073 0.00029 

av. 0.0003 0.0073 0.0003 


ALEXANDER, L., ASHLEY, S. E., Murray, W. M., 
Industr. Engng. Chem., Analyt. Ed., 19, (June, 1947), 
417. 

* Determination of Oxygen in Steel by the Vacuum- 
Fusion Method ’. 

2 BRAMLEY, G. E. A., Iron & Steel Inst. (Lond.), Spec. 
Rep. No. 25, (1939), 87-96. See ; 
*‘Vacuum-Fusion Method of Determination of 
Oxygen in Steel. (Carbon Spiral Vacuum Furnace 
as in Use at Sheffield University.) ’ 

3° Brown, G. P., DINARDO, A., CHENG, G. K., SHERWOOD, 
T. K., J. Appl. Phys., 17, (Oct. 1946), 802-813. 

‘ The Flow of Gases in Pipes at Low Pressures ’. 

4 Carney, D. J., CHIPMAN, J., GRANT, N. J., Trans. 
Amer. Inst. Min. Metall. Engrs., 188, (1950), 397-403. 
‘The Tin-Fusion Method for the Determination of 
Hydrogen in Steel ’. 

* CHAUDRON, G., Rev. Metall., 44, (1947), 144-154. 

* Recent Methods of Determining Oxygen, Hydrogen 

and Nitrogen in Iron and Steels and Their Principal 

Applications.’ 


® CHIPMAN, J., Industr. Engng. Chem., Analyt. Ed., 7, 
(1935), 391-395. 

Determination of Oxygen and Nitrogen in Steel. 
Improvements in the Vacuum-Fusion Method ’. 

7 DerGE, G., Proc. Conf. Nat. Open Hearth Comm., Iron 
Steel Div., Amer. Inst. Min. Metall. Engrs., 27, 
(1944), 278-281. 

‘A Method for Rapid Oxygen Analysis in the Open 
Hearth ’, 

8 DerGE, G., Trans. Amer. Inst. Min. Metall. Engrs., 
154, (1943), 248. 

‘Rapid Analysis of Oxygen in Molten Iron and 
Steel ’. 
* Derce, G., OmorrI, T. T., Blast Furnace Steel Plant, 


31, (1943), 888-889, 913. 
acuum-Fusion Analysis of Silicon Steels ’. 


VACUUM FUSION TECHNIQUE 


References 


CONCLUSION 


The author has attempted to summarise the work 
on vacuum fusion to the present date in a brief and 
unbiased manner. It is obviously impossible to 
include many interesting modifications, and un- 
doubtedly some excellent methods and apparatus 
have been overlooked. 

The author feels that vacuum fusion techniques 
for the determination of O,, N, and H, have now 
been well established and offer a reasonably quick 
and reliable method of determining these elements 
in metals. 


10 DERGE, G., PEIFER, W., ALEXANDER, B., Trans. Amer. 
Inst. Min, Metall. Engrs., 162, (1945), 361. 
‘ Vacuum-Fusion Analysis of Steel for Hydrogen ’. 

DERGE, G., PEIFER, W., RICHARDS, J. H.,- Trans. Amer. 
Inst. Min. Metall. Engrs., 176, (1948), 219-247. 
* The Sampling and Analysis of Steel for Hydrogen ’. 

12. GULDNER, W. G., BeacH, A. L., Analyt. Chem., 22, 
(Feb., 1950), 366. 
‘ Vacuum-Fusion Furnace for Analysis of Gases in 
Metals ’. 

13 Hom, V. C. F., THOMPSON, J. G., ¥7. Res. Nat. Bur. 
Stand., 26, (1941), 245. 
‘ Determination of Hydrogen in Ferrous Metals by 
Vacuum Extraction at 800°C and by Vacuum 
Fusion ’. 

14 Hoyt, S. L., ScHemt, M. A., Amer. Inst. Min. Metall. 
Engrs., Techn. Publ. No. 821, (1937). 
* Fractional Vacuum-Fusion Analysis for Determina- 
tion of Oxygen in Steel’. 

15 JORDAN, L., ECKMAN, J. R., Industr. Engng. Chem., 18, 
(1926), 279-282. 
* Determination of Oxygen and Hydrogen in Metals 
by Fusion in a Vacuum’, 

16 KENTY, C., Rev. Sct. Instrum., 22, (Nov. 195 1), 844. 
‘A New Self-Locking Mercury Cutoff ’. 

17 KROLL, W. J., SCHLECHTON, A. W., Trans. Electrochem. 
Soc., 93, (1948), 247-258. 
‘ Carbon and Metal Oxides in a Vacuum ’. 

18 McGeary, R. K., STANLEY, J. K., YENSEN, T. D., 
Amer. Soc. Metals. Preprint, (1949). 
‘ Determination of Oxygen in Metals by the Vacuum- 
Fusion Method ’. 

19 MALieTT, M. W., Trans. Amer. Soc. Metals., 41, (1949), 
870-892. 
‘A Versatile YVacuum-Fusion Apparatus ’. 

20 NAUGHTON, J. J., UHLIG, H. H., Industr. Engng. Chem., 
Analyt. Ed., 15, (1943), 750. 
‘ Modified Diffusion Pump for Analysis of Gases in 
Metals ’. 


5 
bs 
4. 
¥ 


R. A. 


NEWELL, W. C., Iron & Steel Inst. (Lond.), Spec. Rep. 
No. 25, (1939)s 97-102. 
‘ Vacuum-Fusion Method for the Determination of 
Oxygen in Steel. (Carbon Spiral Vacuum-Fusion 
Furnace as in Use at the Brown-Firth Research 
Laboratories) ’. 

OBERHOFFER, P. Von, SCHENCK, H., Stahl u. Eisen, 47, 
(1927), 1526. 
‘ Theoretische und Experimentelle Untersuchungen 
iiber die Desoxydation der Eisen mit Mangan ’. 

Picott, E. C., Metallurgia, 36, (Oct. 1947), 335-338 ; 
37, (Nov. 1947), 23-27 5 37, (Jan. 1948), 129-132; 
37, (Feb. 1948), 181-184. 
‘Hydrogen, Nitrogen, and Oxygen in Ferrous 
Metals; Their Properties and Determination ’. 

Prescott, C. H., Morrison, J., Jndustr. Engng. Chem., 
Analyt. Ed., 11, (1939), 230. 
‘ Apparatus for Microanalysis of Gas ’. 

RAINE, T., VICKERS, J. B., Jron & Steel Inst. (Lond.), 
Spec. Rep. No. 16, (1937), 100-107. 


‘7th Report on the Heterogeneity of Steel Ingots.” 


(Vacuum-Fusion Method for Determination of 
Oxygen in Steel)’. 

REEVE, L., Trans. Amer. Inst. Min. Metall. Engrs., 113, 
(1943), "82-110. 

‘Improvement in the Vacuum-Fusion Method for 
Determination of Gases in Metals ’. 

Rice, C.N., U.S. Atomic Energy Commission Rep. No. 
MDDC 356. 

‘ Determination of Oxygen by the Vacuum-Fusion 
Method ’. 

RODDEN, C. J., Analytical Chemistry of the Manhattan 
Project, (National Nuclear Energy Series VIII-D, 
(McGraw-Hill Publishing Co., New York). 
Templeton, D. H., Watters, J. I., ‘ Low-Pressure 
Methods ’. 

SLOMAN, H. A., Iron & Steel Inst. (Lond.), Spec. Rep. 
No. 95 (1935)s 71-89. 

‘A Critical Examination of the Vacuum-Fusion 
Method for the Determination of the Total Oxygen 
in Steel’. 

SLOMAN, H. A., 7. Inst. Metals, 71, (1945), 391-414. 

. Application "Of the Vacuum-Fusion Method to the 
Determination of Oxygen, Hydrogen, and Nitrogen 
of Nonferrous Metals, Alloys and Powders ’. 

SLomaNn, H. A., Iron & Steel Inst. (Lond.), Spec. Rep. 
No. 16, (1937), 82-99. 

‘oth Report on the Heterogeneity of Steel Ingots. 
(Improvements in the Vacuum-Fusion Method for 
Determination of Oxygen in Steel). 

SLoMAN, H. A., F. Iron & Steel Inst. (Lond.), 43, 

(1941), 298-312. 
‘The Vacuum - Fusion and Vacuum - Heating 
Methods. (The Determination of Oxygen, Nitrogen 
and Hydrogen in Steel. A Survey of the Vacuum- 
Fusion Method with a Note on the Solid Solubility 
of Oxygen in High-Purity Iron) ’. 

SLOMAN, H. A., Iron & Steel Inst. (Lond.), Spec. Rep. 

No. 25, (1939), 43-62. 
‘Vacuum-Fusion Method for the Determination of 
Oxygen, Nitrogen and Hydrogen in Steel. (Determ- 
ination of the Oxygen Content of Surface Oxide 
Films) ’. 

SLOMAN, H. A., Engineering, 160, (Nov. 9, 1945), 385; 
160, (Nov. 16, 1945), 404 ; 160, (Nov. 23, 1945), 419. 
: Vacuum-Fusion Method for Determining Gases in 
Nonferrous Metals ’. 


YEATON 


SLOMAN, H. A., National Physical Laboratory, Metal- 
lurgy Division, Report No. 1504; Research No. 
5066 (Oct. 9, 1947). 

‘The Determination of Oxygen, Hydrogen and 
Nitrogen in Titanium ’. 

SLOMAN, H. A., Harvey, C. A., 7. Inst. Metals, 80, 

Part 7, (1952), 391. 
‘Fundamental Reactions in the Vacuum-Fusion 
Method and its Application to the Determination of 
Oxygen, Nitrogen, and Hydrogen in Molybdenum, 
Thorium, Titanium, Uranium, Vanadium and 
Zirconium ’. 

SLOMAN, H. A., STEVENSON, W. W., SPEIGHT, G. E., 
SWINDEN, T., NEWELL, W. C., et al., Jron & Steel 
Inst. (Lond.), Advance Copy, (May, 1941); Paper 
No. 5, (1941). 

‘3rd Report of the Oxygen Subcommittee of the 
Committee on the Heterogeneity of Steel Ingots ’. 

STANLEY, J. K., HOENE, J. VON, WIENER, G., Analyt. 
Chem., 23, (Feb. 1951), 377. 

‘ Determination of Oxygen in Zirconium by Vacuum 
Fusion ’. 

STEVENSON, W. W., SPEIGHT, G. E., Iron & Steel Inst. 
(Lond.), Spec. Rep. No. 16, (1937), 65-81. 

‘7th Report on the Heterogeneity of Steel Ingots. 
(The Vacuum-Fusion Method for the Determination 
of Total Oxygen in Steel) ’. 

SWINDEN, T., STEVENSON, W. W., SPEIGHT, G. E., 
Iron & Steel Inst. (Lond.), Spec. Rep. No. 25, (1939), 
63-85. 

‘ Fractional Vacuum-Fusion Method for the Separa- 
tion of Oxides and Gases in Steel ’. 

SWINDEN, T., STEVENSON, W. W., SPEIGHT, G. E., 
COoLBECK, E. W., CRAVEN, S. W., SLOMAN, H. A., 
Cook, A. J., Rooney, T. E., W. H., 
NEWELL, W. C., et al, Committee on the Hetero- 
geneity of Steel Ingots, Paper No. 22/1943. 

‘4th Report of the Oxygen Subcommittee of the 
Committee on the Heterogeneity of Steel Ingots ’. 
THOMPSON, J. G., VACHER, H. C., BRIGHT, H. A., 7. 
Res. Nat. Bur. Stand, 18, (1937), 259-293 (Research 

Paper 976). 
‘ Co-operative Study of Methods for the Determina- 
tion of Oxygen in Steel ’. 

Torrisi, A. F., KERNAHAN, J. L., Analyt. Chem,, 23, 
(June, 1951), 928-929. 

* Modified Vacuum-Fusion Apparatus for Determ- 
ination of Oxygen, Hydrogen, and Nitrogen in 
Certain Metals ’. 

Un ic, H. H., Trans. Amer. Inst. Min. Metall. Engrs., 
158, (1944), 183-206. 

‘ Influence of Hydrogen on Mechanical Properties of 
Some Low-Carbon Manganese-Iron Alloys and on 
Hadfield Manganese Steel’. 

VACHER, H. C., JORDAN, L., 7. Res. Nat. Bur. Stand., 7, 
(1931), 375-399. 

‘The Determination of Oxygen and Nitrogen in 
Irons and Steels by the Vacuum-Fusion Method ’. 
Water, D. I., Analyt. Chem., 22, (Feb. 1950), 

297-303. 
‘ Determination of Oxygen in Titanium ’. 

YENSEN, T. D., McGegary, R. K., Trans. Amer. Inst. 
Min. Metall. Engrs., 162, (1945), 355. 

‘ Methods of Analysing for Hydrogen in Iron and 
Steel Alloys’. 


vol. 


21 35 
36 
22 
23 
37 
24 
25 
38 
26 30 
27 2 
10 
195: 
28 
41 
20 
42 
30 
31 43 
32 “a 
45 
33 
46 
34 47 
124 


April. 1952 


LEAK DETECTION PRACTICE 


Vacuum, Vol. II No. 2 


with particular reference to the hydrogen 


palladium method 


N. Ochert, B.Sc. & W. Steckelmacher, B.Sc. 


Summary 
THE PRINCIPLES OF leak detection are discussed with 
specific reference to the Pirani and palladium-barrier 
ionisation gauges, as used to detect hydrogen applied 
externally as a test gas. Plant based on these techniques, 
with the detector in the backing space and other refinements, 
are described. The testing of single or multiple vessels 
based on this type of plant is discussed in detail with special 
reference to applications outside the vacuum field. The 
problem of leak testing completely sealed components is 


also discussed. The paper concludes with a consideration. 


of calibrated reference leaks, for a quantitative assessment 
of the leakage rate, when testing to a specification. 


Research Laboratories, 


W. Edwards & Co. (London) Ltd.* 


Sommaire 

L’AUTEUR DISCUTE les principles de recherche de fuite, avec 
référence particuliére a la jauge Pirani et la jauge a ionisation 
a paroi de palladium, telles qu’elles sont utilisées pour la 
détection d’hydrogéne appliqué extérieurement comme gaz 
révélateur. L’on décrit des appareillages basés sur ce 
principe, avec le détecteur dans Venceinte de vide pré- 
liminaire, et d’autres raffinements. L’on discute l’essai de 
recipients simples et multiples, avec référence particuliére a 
des applications en dehors du champ du vide. Le probléme 
de lessai de récipients entiérement scellés, est aussi abordé. 
L’article se termine par la considération de fuites calibrées 
de référence, en’vue de la détermination quantitative de la 
fuite, lors de l’essai en vue de satisfaire une spécification. 


INTRODUCTION 


THE NECESSITY FOR leak testing, inseparable from 
normal vacuum practice, has resulted in the develop- 
ment of adequate leak testing techniques which are 
widely used in the vacuum industry. Lately these 
same techniques have been extended outside the 
vacuum field proper, to such diverse applications as 
the testing of hermetically sealed capsules and 


containers, refrigeration systems, sealed instruments 


for aeronautical, underwater or tropical use, etc. 
This paper deals with the principles involved, the 
plant designed to perform these functions, and the 
necessary techniques as found economical for large 
scale vacuumi leak testing. 

The methods considered for the highest sensitivity 


*M.S. received December, 1952. 


are based on the palladium-barrier ionisation gauge 
using hydrogen as the test gas. For lower sensitivity 
the hydrogen Pirani method is described. Apart from 
these two techniques there is a variety of others in 
current use, their popularity depending on such 
factors as their simplicity to meet less exacting 
testing demands and any special requirements to suit 
applications other than high vacuum. A selection of 
these will be found discussed in the references listed. 


LEAK DETECTION DEVICES 


The most obvious method of detecting a leak in an 
evacuated and sealed-off chamber, or part of a vacuum 
system, is to observe the rate of rise of pressure with 
some suitable pressure gauge. This not only indicates 
leakage, but unfortunately also outgassing and virtual 


° 
9 
a 
"4 
+ 
oe 
‘ 
125 


N. OCHERT AND W. STECKELMACHER 


leaks from trapped volumes, if present. Although 
useful and sensitive for certain special purposes, this 
method is not satisfactory for routine leak hunting, 
the rate of outgassing being normally far greater than 
the leakage rates considered and far from constant. 

Another simple but also unreliable method, is 
the painting of a vessel with soap solution or its 
immersion in liquid to observe bubble formation. 
This involves wetting the surface, and the formation 
of bubbles is uncertain under some conditions. The 
method is invaluable for finding the coarser leaks in 
the initial mechanical work, such as brazing and 
welding of larger metal assemblies, but is difficult and 
tedious for routine testing. 

Dynamic meth- 
ods are the most 


The hydrogen Pirani technique uses a special 
Pirani gauge bridge circuit (as shown in Fig. 1) as the 
detector. When equilibrium pressure has been 
attained in the vacuum system, the bridge is balanced 
by the coarse and fine balancing controls which make 
up the resistance of one arm. The out-of-balance 
current is measured by a sensitive galvanometer. 
Under these conditions the Pirani gauge can be made 
extremely sensitive to very small pressure changes. 
If hydrogen be substituted for air on the exterior 
surface of the leak, equilibrium conditions are 
appreciably altered in the gauge and a galvanometer 
deflection results. With the refinements described 
below, the limiting sensitivity of this technique is of 

the order of 10° 
lusecs.*. The 


practicable and 
certainly the only 


difficulty of this 
method is to obtain 
equilibrium _pres- 


Balancing Controls. 
Coarse Fine 


economic methods 
for testing larger 


Kon 1000n 


sure, 1.¢., keeping 


> > 
fluctuations to a 


quantities. The 
leaking vessel is 


mounted on a 
vacuum system. A 
change in pressure 


magnitude lower 
than the order of 
the change result- 
ing from a detected 


or nature of the 
gas is made on one 


leak. It has been 
observed that a re- 


side of the leak and 
a resultant change 
in the equilibrium 
conditions, previously established on the other side, 
is detected by a suitable gauge. 

The ‘over-vacuum’ method comprises a rapid 
reduction of pressure externally which is detected as 
a resultant fall in pressure internally by a gauge in 
the vacuum system. A suitable gauge for this purpose 
is the atmospherically balanced Pirani gauge, covering 
the pressure range 10 mm. Hg to 0.005 mm. Hg. 
This simple method is important in rejecting grossly 
leaking components in routine batch testing and has 
other important applications. 

More sensitive methods involve the detection 

-internally of a test gas applied to the exterior surface. 
In the cases considered hydrogen is used as the test 


gas. 


Fig. 1. Diagram of Pirani gauge as connected for leak detection. 


sponse must be at 
least twice as large 
as the maximum 
fluctuations for recognition. Since this gauge 
responds to changes in total pressure, these fluctua- 
tions may be due to variations in the rate of out-— 
gassing, in pumping speeds, in the rate of solution 
and evolution of gases and vapours in the pump oils, 
etc. as well as the instability of the gauge itself. 
Satisfactory leak detection can rarely be carried out 

with a system pumped by a rotary pump alone since 


*By common use and consent leakage rates are 
expressed in terms of lusecs. 

1 lusec=1 litre-micron/sec. 

1 clusec=o.o1 lusecs. 

Other units are: 

1 cc./min at N.T.P.=12.67 lusecs. 

I mm*/sec at N.T.P.=9.76 lusecs. 

I micron-cubic foot/hour or m.f.h. = 7.8 x 10-3 
lusecs. 
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Fig. 2. Palladium barrier ionisation gauge head. 


its fluctuations in speed, etc. are usually tog high. A 
considerable reduction in the level of these fluctua- 
tions is possible by interposing a high impedance in 
the form of a throttling valve between the gauge and 
rotary pump to damp these pressure variations. A 
further improvement, in the case of the Pirani 
technique, may be achieved by connecting the gauge 
by a line of low conductance to a ballast volume of one 
or two litres. 

The palladium-barrier gauge is a highly evacuated 
and gettered thermionic ionisation gauge, sealed off 
from the rest of the vacuum system by a heated 
barrier of palladium, which, when hot, is highly 
permeable to hydrogen gas only. This technique 
enables the inherently high sensitivity of the ionisa- 
tion gauge to be used at relatively high pressure levels 
outside the palladium barrier. The arrangement is 
shown in the photograph in Fig. 2 and schematically 
in Fig. 3. The palladium disc constitutes the anode 
and is heated to the required temperature by electron 
bombardment from an indirectly heated plane 


Union For Connection 
To System 


Fig. 3. Diagram to show construction of palladium 
barrier gauge head. 


cathode, the beam of electrons being tocussed onto 
the palladium by a cylindrical ion collector surround- 
ing the anode and cathode. Hydrogen entering via a 
detected leak diffuses freely through the hot 
palladium into the gauge envelope, where it is 
immediately ionised by collision with the electron 
stream. The positive ions so formed travel to the 
negatively charged ion collector and increase the 
ionisation current above the level prevailing before 
the detection of the leak. This change in ionisation 
current is detected by a sensitive balanced d.c. 
amplifier, the usual gain required being of the order 
of 10° for normal leak detection. A diagram of the 
necessary power supply and amplifier circuit is 
shown in Fig. 4. 

Since this gauge responds uniquely to the test gas, 
it is possible to establish equilibrium with a far lower 
level of fluctuation than in the previous technique. 
Leaks of the order of 10-4 lusecs may be easily 
detected and with special precautions the sensitivity 
may be extended to 10-° lusecs. 
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ANODE CURRENT mA 


2 


18O 200 220 240 260 280 300 


ANODE VOLTAGE V 


Fig. 4a. 


Anode voltage and anode 


current curve for a dissipation of 6 


watts. 


For a typical palladium barrier 


gauge this corresponds to a temper- 
ature of about 800°C-at the palladium. 


Fig. 4h. 


Basic circuit diagram of 


palladium barrier gauge power supply 
and amplifier. 


Certain difficulties in connection with this method 
must be appreciated and failure to do so was the 
cause of earlier disappointments. With these under- 
stood and allowed for, the technique becomes reliable 
and suited for quantity testing to high standards by 
semi-skilled operators. Hydrocarbons from the 
pump oils and water vapour are dissociated at the hot 
palladium surface to give hydrogen, resulting in a 
spurious response. These vapours are best isolated 
from the gauge by interposing an adequate cold trap. 
Hydrogen evolved from solution in the rotary pump 
oi is a highly fluctuating source of spurious response 
which must be eliminated by a diffusion pump 
between the gauge and the rotary pump. Hydrogen 
is also evolved in oil diffusion pumps by dissociation 
of the working fluid, but this is at a low level of 
fluctuation and may thus be balanced out. For the 
highest sensitivities the use of mercury diffusion 
pumps may be advisable to avoid this effect. The 
hot palladium barrier catalytically oxidises hydrogen 
as long as any excess oxygen is present so that the 
presence of air in the system or entering through 
leaks must also be considered. In a leak-tight 
pumping system there is usually an excess of 
hydrogen, from outgassing or dissociation reaching 
the palladium barrier at a sufficiently steady rate to 
maintain the required conditions. If there is 
a high level of air leakage, it may be necessary 
to arrange for con- 
trolled admission of 


indicator 


xx 


vy 


Temp: To Pumping System. the required amount 

atlcdiumBarrier Gauge Head. of hydrogen. Norm- 

+ ally the procedure 

=: adopted is to detect, 

7 Vl and temporarily seal, 

larger leaks before 
j proceeding to locate 


smaller ones. 

An increase in 
5 sensitivity of at least 
30 times may be 


obtained by evauca- 
ting the tested vessel 
by a high speed dif- 
fusion pump and 
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Fig. 6. Complete leak testing plant for large components. 
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Diagram of complete leak testing plant. 
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siting the leak detector gauge in its backing side, 
so that a change in conditions on the fine side of 
this pump accumulates at the gauge as a result of the 
high input speed and low output speed. All the 
previous remarks and precautions still apply, when 
this method is used, so that the optimum arrange- 
ment is as indicated in the block diagram of the 
standard plants described below. 


COMPLETE LEAK TESTING PLANTS 


The leak detection devices described are best used 
in connection with a pumping system specifically 
designed for leak testing and incorporating the 
various features discussed. It has therefore been 
found useful to have standard leak testing plants 
differing mainly in pump size as basic units, easily 
adaptable for specific applications by fitting suitable 
manifolds and accessories. 

These plants are designed for use with the 
palladium-barrier leak detector but, when its use is 
_unwarranted by the required sensitivity, the 


palladium-barrier gauge and its associated cold trap 


are omitted, testing being carried out using the 
integral Pirani gauge. The plants are arranged as 
shown in the block diagram Fig. 5. A high-speed 
baffle valve is mounted level with the top of the frame 
and connected beneath it is a 2-inch (or 6-inch) oil 
diffusion pump, the backing side of which is con- 
nected to a ballast volume. This ballast volume is 
connected by a line to a concentric type of cold trap, 
on which is mounted a palladium-barrier leak 
detector gauge head. Also connected to the ballast 
volume is a Pirani gauge head and a needle valve for 
connection to a suitable source of hydrogen or air, as 
required. A Dewar flask is mounted so that it may 
be lowered clear of the trap, when necessary. The 
ballast volume is connected to a throttling valve, in 
parallel with an on-off valve, and thence to a secondary 
diffusion pump of 1- or 2-inch bore. This pump is 
backed by a single-stage rotary pump of large 
capacity te speed up the roughing-out stage when 
testing large volumes. Mounted on the baffle valve 
above the frame is a manifold or plate, the design of 
which is governed by the articles to be tested and is 


additional to the standard plant. Both these plants 
are mobile but are provided with built-in jacks for 
rigidity and accurate positioning when connecting to 
larger fixed plant. The construction of the plant is 
as shown in Fig. 6. 


LEAK TESTING TECHNIQUES 


Testing of Single Vessels or Components 


For the most versatile application, the plant should 
terminate in a large horizontal plate, with its top 
surface machined flat, having a central aperture equa! 
to that of the baffle valve. On this plate may be 
mounted directly such objects as bell jars with 
gasketed rims, the gasket being sealed to the plate by 
atmospheric pressure. For objects with smaller 
apertures a set of ground annular reducing discs are 
sealed to the plate by a ring of vacuum putty (e.g.. 
Apiezon Q compound, or Silicone putty). Additional] 
adaptors terminating in conical ground joints, 
standard vacuum unions etc., can be provided as 
necessary. 

In order to surround the tested vessel with an 
atmosphere of test gas, a set of bell jars with gasketed 
rims and side tube or suitable bags of reasonably 
gas-tight fabric are used. 

A test is carried out with the vessel under test 
connected to the plant by the appropriate method 
and evacuated by the rotary pump directly by- 
passing the diffusion pump. If the total leakage rate 
is not excessive for the capacity of the rotary pump, 
pumping continues until a pressure of 0.1 mm. Hg is 
reached. Pumping then proceeds wa the diffusion 
pump, the throttling valve being adjusted to obtain 
a convenient equilibrium state such that the pressure 
in the interspace is between 0.01 and 0.1 mm. Hg. 
The leak-detector indicator is then balanced to a 
convenient zero and the sensitivity adjusted to a 
maximum consistent with the fluctuations observed. 
Hydrogen is then substituted for air between the 
tested vessel and the surrounding hood. Where 
possible it is desirable to roughly evacuate this space 
to a few mm. Hg before adjusting the detector. 

On admission of the hydrogen a leak is indicated 
by the detector, and if this is observed the location of 
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size. Normally 10 to 12 small articles can be accom- 


the leak may be determined by removing the hood, 


re-establishing the equilibrium conditions as before, modated on a single manifold with a reasonable time 
and applying the hydrogen to successively smaller cycle per manifold, usually of the order of 15-30 
areas by means of suitable applicators and finally minutes. 
pin-pointing the position of a leak by directing a fine These articles ranging from open-plate or cupped- 
jet from a suitable nozzle. The rate of traversing the shaped component parts to completely enclosed 
surface with the jet or applicators must be slow casings with a narrow tubular aperture of high 
enough to avoid failing to detect leaks with large time impedance will vary in accessibility to their interior. 
constants. Leaks of this type are usually associated The former are mounted externally to the manifold 
with a long leakage path or contain an air pocket, and on a plate or union, each covered by an individual 
a rate of travel of 1 inch in 20 seconds should normally hood, while the latter are best immersed in the 
be adequate. The sensitivity of leak location is manifold with their outer surface exposed to the 
usually less, sometimes considerably less, than that vacuum chamber and the tube passing through the 
of leak-proving with a bell jar. covering plate to enable their interiors to be evacuated 
and filled with test gas. Each hood, or interior, is 
Leak Testing Large Numbers of Similar Small individually connected via a valve to a common’ 
ol. Articles for Mass Production suction manifold evacuated by a rough vacuum pump. 
2 This involves terminating the standard plant in Provision is also made for admission of hydrogen to 
952 a suitable manifold to take a batch of these articles at each hood in turn. 
a time and the provision of individual hoods, etc. to Fig. 7 is a diagrammatic sketch of such a plant and 
independently control the conditions external to it will be seen that a Pirani gauge is connected in the 
each item. Leak location, as such, is not practicable vacuum manifold. It is essential in batch leak 
in this case but some indication of the site of the leak testing that, if one or more of the tested articles in 
may be arranged by breaking down the article to a batch is grossly leaking, it is detected immediately 
component parts to be tested separately or arranging and dealt with so that it does not prevent the 
tor the hydrogen to be applied exclusively to various remainder of the batch from being pumped by the 
regions in turn. diffusion pump and tested. This is done by opening 
The number of articles, or component parts, which each hood or interior in turn, to the suction manifold. 


can be tested in a single batch will depend on their The evacuation of the outside of a grossly leaking 
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article will result in an immediate fall in pressure as 
indicated on the Pirani gauge in the vacuum manifold. 
Continuing to pump the outside of this gross leak will 
then prevent its interference with the leak testing of 
the remainder. Pumping then continues via the 
diffusion pump and equilibrium is established as 
before. The remaining articles are then sensitively 
tested by admitting hydrogen in turn to each hood. 
It is obviously desirable to load a batch onto a plate 
independently of the test plant and substitute a loaded 
plate for the tested batch at the end of each cycle. 
This necessitates the plate being rapidly demountable. 


Leak Testing of Completely Sealed Assemblies 


It is not practicable to use the normal Pirani or 
palladium-barrier leak detection methods in the 
manner described above in this case, since it is not 
possible to introduce a change in pressure or nature 
of gas on the interior surface of the leaking assembly. 

It would be possible in some cases to fill the 
assembly before sealing with test gas and then probe 
over its surface with a fine intake nozzle at the end of 
a flexible lead connected to a leak test pumping plant 
as described above. This is rather complicated and 
not very sensitive. For example, suppose the intake 
nozzle has a leakage rate of, say, 1 lusec and is con- 
nected to the input side of a standard pumping plant 
using the palladium-barrier detector. On probing 
over the surface of the assembly, a hydrogen con- 
centration of 1 in 1,000 at the orifice of the nozzle will 
present a condition equivalent to a leak of the 
magnitude of 10° lusecs in a component pumped in 
the normal manner. This should be easily detected 
if the equilibrium is previously established by bleed- 
ing-in hydrogen as necessary to the plant as described 
above. An improvement in sensitivity may be 
possible if the assembly contains the test gas at a 
pressure in excess of atmospheric. 

Disadvantages of all methods involving filling of 
a sealed assembly with test gas are : (1) the inevitable 
high background of test gas in the region of the 
leaking assembly which precludes establishing 
equilibrium, and (2) a grossly leaking assembly may 
soon lose most of its charge of test gas between 
filling and testing, and appear as if leak-tight within 
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the sensitivity of the test. 

When it is impracticable to fill the assembly with 
test gas, it is still possible to leak-test it although with 
lower sensitivity. A bubble method with some 
refinements, e.g., reduction of pressure above a 
suitable liquid surface, may be used, but has the usual 
objections associated with the bubble technique. In 
addition, in the case of grossly leaking assemblies, 
there is the danger of liquid being forced through the 
leak on restoring to atmospheric pressure. 

An alternative to the latter method is to place the 
assembly in a chamber which is first evacuated to an 
equilibrium pressure and then continuing to pump it 
via a flowmeter. Obviously, the rate of flow as 
registered by the flowmeter will be made up of both 
leakage and outgassing of the surface of the assembly. 
In order to use this technique it is necessary to first 
reduce the outgassing rate to a relatively low level 
during the preliminary pumping of the chamber, 
assisted if possible by the application of heat to the 
surfaces. Sensitive flowmeters are available, but the 
main limiting factor to the sensitivity is the outgassing 
level attainable prior to test. 

A method, which to a large extent overcomes this 
objection, is the molecular beam technique. This 
involves rotating the assembly to be tested inside a 
chamber which is continuously evacuated to a 
pressure of the order of 10-*mm. Hg. A fine nozzle, 
preferably in the form of a slit parallel to the axis of 
rotation, is fixed as near as possible to the rotating 
surface of the tested vessel and leads via a wide tube 
to a diffusion pump. Connected to this tube is a 
vacuum gauge capable of responding to rapid changes 
of pressures. Due to the low pressure surrounding 
the tested vessel air will escape from a leak as a 
molecular beam which will cause a pressure rise in 
the gauge whenever such a beam intersects the 
orifice of the nozzle. 

In the last two methods a grossly leaking vessel 
could conceivably escape detection by being 
exhausted to a low pressure during the preliminary 
pumping period. To avoid this possibility it is 
desirable to connect a gauge to the chamber which 
could indicate the presence of gross leaks by the 
increase in pumping-down time. 
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In the case of electronic tubes 
etc. which have been sealed 
off at very low pressure 
it is frequently possible to 
detect leakage to extremely high 
sensitivity. This is done by 
connecting selected electrodes 
as a thermionic ionisation gauge 
and measuring the rate of rise of 
ion current for a fixed electron 
current over a sufficiently long 
period. Some degree of local- 
isation of the leak may be 
possible by subsequently ex- 
posing selected portions of the 
surface to suitable test fluids for 
a period long enough to show a 
change in the rate. 

Where permissible vessel 
permanently sealed off at low 
pressure may have incorporated 
a suitable vacuum gauge before 
sealing and be treated as above. 


LEAK DETECTION PRACTICE 


Aluminium Reference Leak 
Squeezed Here 


Rubber 
4 
7. 
4 
4 
A 
4 
4 
Vacuum 
Union 


Removapbie 
Glass Tube 
4/4 
4, 
4 
444 
4, 
o 
Sealing 
Ring 


Fig. 8. Construction of reference leak. 


In this case, as a general rule, outgassing has been 
eliminated prior to sealing off. Where the vessel has 
a glass envelope or an adequate glass section, a high 
frequency discharge may be excited internally when 


sufficient gas has leaked in. 


CALIBRATED REFERENCE LEAKS 


It is normally desirable to have some indication that 


the leakage rate of a tested vessel 
does not exceed some specified 
level dependent on the intended 
application. Moreover, a leak 
test plant generally varies in 
sensitivity from time to time 
with the undetermined con- 
ditions of the test. Such require- 
ments are met by incorporating 
a calibrated reference leak in a 
position equivalent to that of the 
tested vessel such that a similar 
test may be _ independently 
applied to it as a check when 
necessary. The inclusion of 
such a leak enables leak testing 
to be carried out to a definite 
specification. 

A further application of the 
calibrated reference leak lies in 
using it in conjunction with a 
leak detector having a linear 
response such as the palladium- 


barrier type to measure the magnitude of the leakage 
rate of a tested vessel by comparison of the response 
on applying hydrogen to the two in turn. 


The construction 


of a reference leak depends not 


only on the leak rate required but must be such that 
the time constant of the leak is not excessive. A 
number of more or less successful constructions have 


been proposed. The type found most useful for the 
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order of leak rate considered above is made by 
squeezing flat the end of a fine tube of a non-corrosive 
metal ¢.g., aluminium. This is made to terminate in 
a vacuum union as shown in Fig. 8, and also allows 
for connection of a suction line to the other end. 

For various reasons these leaks are subject to 
change after calibration, in some cases even to block- 
age, especially in the case of the smaller leaks. It is 
therefore necessary to periodically check the calibra- 
tion of the leak. Rate of flow is often measured by a 
system involving a moving liquid boundary along a 
calibrated capillary tube. This method is impractic- 
able for all but the largest leaks. The main objection 
is that, since the flow must be observed for relatively 
long periods, small temperature fluctuations cause 
erratic readings. A system which has been found 
reliable is indicated in Fig. 9. The rate of rise of 
pressure in the measured glass volume, on which the 
leak is mounted, is observed (a) with the outer end of 
the leak at atmospheric pressure and (4) with this end 
roughly evacuated. The difference in these two rates 
will then depend only on the size of the leak. 


CONCLUSIONS 


It is seen that the detection of leaks in all kinds ot 
apparatus can be reliably effected with the equipment 
described. The very exacting demands of modern 
high vacuum apparatus can also be met at least down 
to leakage rates of the order of 10 *lusecs. To obtain 


a quantitative measure of the leakage rate, reference to 
a fixed calibrated leak is necessary. It has been 
indicated, how leak detection can be applied in- 
dustrially in large scale production. 

Although these methods cover satisfactorily the 
very wide field of applications indicated, there are 
still a certain number of applications where the 
detection of leakage rates of an order much smaller 
than the one so far considered would be of interest. 
An example would be the location of a leak in glass- 
to-metal sealed assemblies as used in the construction 
of electronic devices. For such applications various 
forms of mass spectrometer, as originated by Aston 
and Dempster, have been developed to detect leaks of 
the order of 10-® lusecs or less, using hydrogen or 
helium as the test gas. This apparatus is necessarily 
more complex and expensive, and the interested 
reader is referred to the extensive literature on this 
subject. Other difficulties arise when complex and 
large plants have to be leak tested. Much ingenuity 
has often to be used and sometimes no really 
satisfactory method is available. In any case it will 
be appreciated that the testing of a plant for leaks can 
be much simplified if the problem is kept in mind 
during the early stages of its design. 


Acknowledgement is made to Mr. A. S. D. 
Barrett, Technical Director of W. Edwards & Co. 
(London) Ltd., for permission and encouragement to 
publish this work. 
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Summary 

THIS REPORT describes a new vacuum gauge in the form of 
an inverted cylindrical magnetron. This gauge is useful in 
the pressure range 10-‘mm. Hg. to 10o°°mm. Hg. The 
main advantages over existing gauges are a much higher 
current output at a given pressure and the elimination of 
elaborate devices for emission stabilisation. It is very well 
adapted for use in a bridge-type leak detector using butane 
as a probe gas and a leak detector using these tubes has 
indicated leaks of less than 10-* lusec. The best figure 
claimed for the mass spectrometer is 10-7 lusec, so the 
sensitivities of the two leak detectors are of the same order. 


A CYLINDRICAL MAGNETRON IONISATION GAUGE 
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Sommaire 
LE RAPPORT CONCERNE une nouvelle jauge a vide ayant la 
forme d’un magnétron cylindrique inversé. La jauge est 
utile dans la région comprise entre 10-4 et 10 °mm. Hg. 
Les avantages principaux sur les jauges existentes, sont, un 
courant de sortie beaucoup plus elévé pour une pression 
donnée, et Velimination de dispositifs compliqués de 
stabilisation d’émission. Elle est trés approprice pour 
Putilisation dans un détecteur de fuite 4 point, employant 
du gaz butane comme gaz de sondage, et un détecteur 
utilisant ces tubes a indiqué des fuites inférieures 4 10-° 
lusec. Le chiffre maximum donné par le spectrographe de 
masse est 10-7 lusec, donc la sensibilité des deux détecteurs 
de fuite est du méme ordre. 


INTRODUCTION 


IN COMMON with all other valve laboratories, we have 
felt the need for a leak detector which would be 
capable of detecting very small leaks but which 
would be cheaper and simpler than the mass spectro- 
meter and would not necessitate the supply of 
helium. A new type of gauge has been developed 
for this purpose and the present report gives a 
description of its properties. The gauge is essentially 
a diode with an axial magnetic field. It is useful over 
the range of vacuum between 10? and 10°*mm. Hg 
the upper pressure limitation being due to the 
transition to an arc discharge and the lower to the 
attainment of a steady current due to field emission. 

As a normal gauge the tube has several advantages 
over the ordinary triode ion gauge, e.g., it requires no 
emission stabilisation device and it produces about 
100 times as much current as the S.T.C. gauges 
(M110/1G etc.) at a given pressure. It is very 
sensitive to small pressure changes and can be used 


*M.S received September, 19§2. 


for the observation of out-gassing phenomena, even 
with small metallic objects. There is no filament to 
poison but the exposure of the gauge to high pressures 
of CO,, e.g. in the breakdown of oxide cathodes, 
causes the gauge to give a spurious high reading until 
the CO, has been fully removed from the gauge. 

The major disadvantage is that the current is not 
a linear function of pressure, the law being of the 
form 


where 


k is a function of magnetic field strength and there is 
reason to believe that k = 1.0 could be attained by 
increasing the field strength greatly above the values 
used in this work. 


DESIGN DEVELOPMENT 


Several magnetron diode ionisation gauges have 
been described in the literature, and one of these due 
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to Penning ’ » * is widely used as the Philips ion 
gauge. This gauge is useful over the range 10-°-10~° 
mm. Hg. A modified version capable of operating 
at pressures of 5 x 10-*mm. has been described by 
Penning and Nienhuis*. A further modification 
operating over the range 10-!-10-7mm. Hg is 
described by Evans and Burmaster®. 

None of these gauges employed the cylindrical 
structure which has been used in various research 
organisations but has, as far as the authors know, 
never been described*. In the present work the 
cylindrical structure was therefore investigated and 
it was soon found that simple modifications consider- 
ably increased the current 


the end plate hole in Fig. 1. This gauge was useless. 
In the second modification the original cylinder 
diameter was retained but a plate with a ; inch. 
diameter central hole, was mounted at the middle 
of the cylinder. 

This tube had the same characteristics as the 
original. A tube was then assembled with four 
apertured plates instead of one. The arrangement is 
shown in Fig. 2. This arrangement produced a great 
increase in current over the gauge of Fig. 1. For 
instance, at a pressure of 10-°mm. Hg gauge 1 only 
gave 2uA for 5 kV applied while gauge 4 gave 70uA 
for only 3 kV applied. This type of gauge was so - 
successful that it was used 
for a considerable time. 


through the gauge. A 
fairly wide range of geo- 
metrical variations has 
been tried but it is quite 


Various minor modifica- 
tions to the geometry were 


Ferry Box tried, in particular the 


possible that the LS1017 


diameter of the apertures 


structure does not repre- 


was varied over the range 
inch. to inch. The 


sent the optimum. 
characteristics are, how- 


number and arrangement 


ever, so useful that it is 
worth discussing the gauge 


of the plates was also 
varied. These variations 


in the present form. 


produced marked 


The first tubes tried 
were, as shown in Fig. 1, 
simple boxes of non-mag- 


changes in sensitivity and 
so the large hole was 
retained, as it gave ease in 


netic alloy with a thin, 
central wire. One end 
was nearly closed on to 
the wire to achieve an 
increased electrostatic field. It was thought that the 
gauge would operate with the wire as cathode but it 
was soon found experimentally that the current was 
much increased when the wire was made the anode. 
Results with this gauge were sufficiently promising 
to warrant further investigation. The first modifica- 
tion tried was to use a cylinder, open at both ends, 
whose diameter was reduced to be equal to that of 


* Whilst preparing this MS. our attention has been drawn 
to British Patents 555,134 and 638,178 issued to O. H. 
Klemperer and D. A. G. Broad respectively. Both patents 
describe cylindrical gauges without the baffle plates we use. 
Some approximate curves show that these gauges behave in 
the same general manner as the gauge to be described, but 
are considerably less sensitive. 


Fig. 1. First experimental gauge. 
Fig. 2. First high sensitivity gauge. 


manufacture and freedom 
from troubles due to the 
anode wire vibrating. 

As the development of a 
leak detector using these tubes progressed, it became 
obvious that there were large sources of random 
current in the tube. It was at first thought that 
these were due to wall charges on the glass near 
the ends of the ‘ Ferry’ box but the introduction 
of conducting coating merely worsened the effects. 
It was therefore decided to employ a guard-ring 
construction to ensure that leakage currents were 
eliminated from the measuring cathode lead. At 
the same time, the gauge structure was modified 
to a symmetrical form and the resulting LS1017 
tube is illustrated in Fig. 3. This drawing contains 
all the necessary information on the construction 
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of the gauge, the main precaution which must be 
observed being that the anode wire must be 
maintained central. If this is not the case the 
sensitivity is much reduced. The piece parts are 
made, cleaned by conventional valve techniques and 
the valve assembled. For best results the valve is 
glass-baked and the cathode cleaned by r.f. induction 
before use. 


PRINCIPLE OF OPERATION 


In use, the gauge is surrounded by a solenoid, 
producing an axial magnetic field, whose strength is 
usually a few hundred gauss. The anode wire is 
maintained at about 6kV positive to the cathode and 
the current in the main cathode lead is measured to 
indicate the pressure. The electric field in the gauge 
is sketched in Fig. 4. It is strongest in the region of 
the apertures in the baffle plates and, at the sharp 
edges of baffle plates, is strong enough to give rise to 
field emission. In the absence of the magnetic field 
the electrons simply move more or less radially from 
cathode to anode. When the magnetic field is applied 
an electron starting from baffle plate A initially 
describes a radial path but as it gains velocity the 
magnetic force increases and the electron is deflected 
away from the anode wire. The electric field in the 
vicinity of the point of emission has a strong axial 
component so that the electron moves axially as well 
as radially and therefore misses the opposite side of 
the aperture. It then proceeds outwards to the 
vicinity of the cathode cylinder where it is turned 
round and repeats the process, all the while moving 
along the axis of the gauge. When the electron 
passes the centre line B of the compartment under 
discussion, the axial electric field changes sign and 
the electron drift velocity is reduced, and eventually 
changes direction, so that the electron oscillates 
through the B plane until it is eventually captured by 
the anode. When a small concentration of gas 
molecules is present the initial electron loses a 
discrete amount of energy, once per mean free path 
on the average, forming an electron-ion pair. The 


Fig. 3. Final design of guard ring gauge. 
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new electrons are accelerated and deflected by the 
magnetic field in exactly the same way as are the 
primary electrons and a stable Townsend discharge 
builds up and is maintained in the tube. 

The effect of the magnetic field is obviously to 
increase the average electron path length by a large 
amount. The configuration of the tube tends to 
prevent the electrons and ions from escaping from 
the region in which they are most effective in 
maintaining the discharge. It also provides a 
multiplicity of sources for field emission. 


Fig. 4. Electrostatic field and possible electron orbits 
in the gauge. 


CALIBRATION METHOD 


The LS1017 has been tested over the pressure 
range 10-*mm. Hg to better than 10°mm. Hg. 
In the range 10-* to 5x10°-’mm. Hg the S.T.C. 
M110/1G ion gauge was used as a standard. It is 
well known that these gauges are not reliable at 
vacua much better than 10-’mm. Hg because of the 
soft X-rays emitted by the electron collector. Several 
hot cathode ion gauges ® * §, have recently been 
described in which this effect is minimised, and which 
will operate reliably at vacua of the order 10-'4mm. 
Hg. Since the lower limiting pressure of the 
magnetron was not known the low pressure perform- 
ance was measured against a Bayard-Alpert gauge. 
This gauge was chosen in preference to the Lander 
or Metson gauges, as it is simpler to construct and 
has a relatively high sensitivity. The M110/1G was 
in turn used to calibrate the Bayard-Alpert gauge. 
If we define the sensitivity of the hot-cathode ion 
gauge as K in the equation 


Magnetron 
Gauge 


Getter Tube 
capabie of 
being Cooled 
by LiquidAir 


Cu. Coil 


Bayard Alpert 
Gauge 


+ 1OOV. 
< 
D.C. Amplifier $ 


= 


0.C. Amplifier 
i= Variable Leak or Oxygen Tube 


+ 300 V. 


then the data for the M110/1G give K= 
10 for the negative collector voltage 
<10V and the accelerator voltage 110V. 
All pressures given in this report are 
relative to this value of sensitivity. 

It may be interpolated here that the 
slightly modified Bayard-Alpert gauge 
used by us had K = 70, which is a con- 
siderable advantage when extremely high 
vacua are to be measured. This figure 
was taken for a collector voltage of 
-100V and accelerator voltage 200V. At 
Va = 200V K is nearly independent 
of Va. 

The arrangement used for the higher 
pressure calibration is shown in Fig. 5. 


(1) 


Fig. 5. Schematic diagram of test apparatus. 
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Fig. 6. Gauge current versus magnetic field, 


This consists of a glass bulb of about 1 litre volume 
to which are sealed : 

(a) the LS1017 gauge under test, 

(b) the standard ionisation gauge, 

(c) a tube containing several barium getter wires 

and 

(d) a variable leak. 

In the preliminary experiments it was found that 
there was a degree of interaction between the two 
gauges. This was found to be due to leakage from 
the high potential electrodes of the magnetron gauge 
to the electrodes of the ionisation gauge. It was 
eliminated by the introduction of an earthed nickel 
gauze located midway between the gauges and 
centrally across the pumping orifice. The conduct- 
ances of the tubes leading to the gauges were made 
large and equal so that the pressures at the gauges 
should be equal. 

Fig. 5 contains a schematic diagram of the 
electrical connections which require little comment. 
Load resistances are included in the guard ring leads 
to ensure that the guard rings are at approximately 
the same potential as the measuring cathode, even at 
high pressures. 

The high voltage for the magnetron gauge is 
derived from a small radio-frequency power unit of 
the type used in television receivers. This is cheap, 
light and has the great advantage of being safe in 
operation since the regulation is inherently poor and 
it is not possible to get a serious shock from these 
units. 

In the experiments at pressures below 10-*mm. 
Hg the apparatus was modified by removing the 
variable leak and replacing it by a tube containing an 
oxydised copper coil which could be heated by 
passing an electric current. The whole apparatus 
was given a prolonged glass-bake at 400°C, the metal 
parts were outgassed by induction heating and 
electron bombardment and the apparatus was sealed 


Fig. 7. Gauge current versus gauge voltage. 
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from the pump after all the getters had been out- 
~ gassed, and some partially evaporated. The lowest 
pressures were obtained with more evaporation of 
barium and subsequent submersion of the getter tube 
in liquid oxygen. The pressure could then be varied 
upwards from the minimum by warming the Cu wire. 
The resulting oxygen could be taken up by firing 
more getter. The lower pressure calibration is thus 
made using dry oxygen whereas the higher pressure 
range should be considered as that using dry air. 


PERFORMANCE CHARACTERISTICS 


Using the apparatus described above the operation 
of the gauge at various pressures was studied varying 
the following parameters : 


(1) Magnetic field, 
(2) Anode voltage and 
(3) Load resistance 


It soon became obvious that over most of the range 
investigated, 7.e. below 10-°mm. Hg, the performance 
was independent of the load resistance and therefore 
large load resistances of the order 10-20 MQ were 
subsequently used. 

Fig. 6 shows a family of curves of magnetron 
current versus magnetic field with pressure as para- 
meter. These curves give the impression of increas- 
ing to a maximum. With the apparatus available it 
was not possible to investigate the performance at 
higher magnetic fields. 

Fig. 7 shows the ordinary diode characteristics of 
the valve for a fixed magnetic field, with pressure as 
parameter. 

Fig. 8 shows the relation between current and 
pressure, using various values of load resistance. 
Curves are given for several values of magnetic field. 
When used with the 6 kV, 500 gauss values we had 
adopted as standard, the LS1017 is considerably more 
sensitive than any of the magnetron gauges described 
in the references already cited. For example, the 
Evans and Burmaster gauge gives 0.06 yA at 10°-*mm. 
Hg while the LS1017 gives 1.0 uA, a factor of about 

The low pressure measurements were taken with 


Va = 6 kV, R, = 20MQ. They covered the 
pressure range between 10-’mm. Hg and 5 x 10° 
mm. Hg. The results were plotted making no 
allowance for the change from dry air to oxygen and 
it was found that the line obtained joined smoothly 
to the dry-air line, 7.e. neither the absolute value nor 
the slope altered at the transition. It was, therefore, 
concluded that the ratio of dry-air sensitivity is the 
same for the magnetron gauge as it is for the ionisa- 
tion gauge. The sensitivities relative to H, are 1.9 
for N, and 1.5 for 0,, so that the gauges should be 
about 20°, more sensitive for the air than for oxygen. 

It will be at once observed that for fixed Va, the 
relation between current and pressure is of the form 


p= (2) 


k is a function of magnetic field which, over the 
range of magnetic fields covered by our experiments, 
approaches the value 1 as the magnetic field increases. 
The more recent Penning gauge* obeys the same law, 
with k = 0.837 but the Evans and Burmaster gauge’, 
using a field ( 2,000 gauss) considerably greater than 
those used in these experiments, reached the value 
k = joe 


p=G (3) 


This condition is obviously desirable in the con- 
struction of a direct-reading vacuum gauge since it 
allows one to use an instrument with an ordinary 
linear scale. There seems little doubt that this 
condition could be attained by suitably increasing the 
field. Fig. 9 shows a graph of k against H. Extra- 
polation on a semi-log plot indicates that it would be 
possible to obtain k = | with a field of about 2,500 
gauss. 

The curves show that the greatest linear pressure 
range is covered with a load resistance of about 
1MQ. If the lowest pressures are to be measured 
it is naturally useful to increase the load resistance as 
much as possible without introducing troubles due to 
grid current and noise in the first stage of the d.c. 
amplifier. 

Several gauges were calibrated and ail but one 
gave results within about 20°, of those shown. The 
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COLD TRAP 


SECONDARY 
PUMP 


APPARATUS TO BE TESTED 
FOR LEAKS G2 


(a) VACUUM CIRCUIT 


ELECTRICAL CIRCUIT 


BACKING 
PUMP 


Essentials of a 
leak detector using the 
gauge. 


exception gave very much lower (= 50%) currents 


and on examination it was found that the anode wire 
was markedly eccentric at one end of the gauge. This 
diminution in sensitivity has since been observed in 
other samples with eccentric anodes. 

As has already been said, the diameter of the 
apertures is not critical. Neither is the length of the 
compartments. It is therefore true to say that all the 
dimensions are subject to large mechanical tolerance, 
with the exception of the anode centering which 
should be correct to within 0.010 inch. at both ends 
of the tube. 

At the lower end of the pressure range the 
magnetron gauge exhibited a constant current of 
about 0.06 uA. This was relatively unaffected by 
magnetic field variation but did not obey Ohms law 
when the anode voltage was varied. It was not, 
therefore, a residual leakage current. It is presumed 
that it is the initial field emission, which, when 
amplified by gas ionisation, gives rise to the discharge. 
To establish this point with absolute certainty it 
would be necessary to lower the pressure by another 
order of magnitude and this we were not able to do. 


APPLICATION AS A LEAK DETECTOR 


It has recently become common to use two vacuum 
gauges in a bridge circuit as a leak detector. One 
gauge is connected to the vacuum system direct and 
the other via a liquid air trap or by a chemical 
absorbing trap. The vessel suspected of leaking is 
sealed to the system and is explored by means of a 
gas probe using butane or CO, as a probe gas. The 
probe gas has a large collision cross section and 
therefore increases the current in the directly 
connected gauge but the trap prevents it from 
reaching the second gauge. The bridge is therefore 
unbalanced and indicates an output whenever the 
probe comes near the leak. The theory of this type 
of detection has been given in detail by Blears and 
Leck’. 

The magnetron gauge is very well adapted for use 
in this type of leak detector because the rate of change 
of current with pressure or with the introduction of a 
probe gas is much greater than with the Pirani or 
ionisation gauges normally used. The best results 
are clearly obtained when using magnetic fields 
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smaller than the optimum for vacuum measurement. 

A leak detector using two of these gauges arranged 
in a d.c. bridge circuit is shown in Fig. 10. This 
arrangement has been tested and has been found 
capable of detecting leaks of about 10-7 lusec, i.e. 
the sensitivity is of the same order as the best claimed 
for the mass spectrograph. 


CONCLUSIONS 


This report has been mainly concerned with the 
characteristics of the gauge tube. In building these 
tubes into a pressure measuring unit a wide range of 
voltage and field conditions are tolerable and the 
optimum conditions depend very much on the 
purpose for which the gauge is to be used. It has 
already been mentioned that the optimum conditions 
for leak detection are with reduced magnetic field. 
Again, if the gauge is required to measure high 
pressures of the order 10 ‘mm. Hg, the voltage should 
be reduced to 2.5—3 kV from the 5-6 kV required to 
reach the ultimate pressure of about 10-*mm. Hg. 

In making up a general purpose pressure measuring 
unit, the fact that i is not a linear function of p 
constitutes a difficulty which can most easily be 
overcome as follows : 

We assume that the output is measured as a voltage 
across a load resistor which is changed in range 
switching. Let the output voltage = V and the load 
resistor = R Then from Eqn. (2) 


We wish to arrange the load resistors so that a 10 : 1 
pressure change will not alter the voltage if the load 
resistance is switched. Then 


1 
(4) 


In a given range R is constant so 


(=) 
P2 V2 


or 


A MAGNETRON IONISATION GAUGE 


V k 
and the voltmeter scale can be calibrated accordingly. 


For the 6 kV, 500 gauss condition the approximate 
figures are given below : 


Pressure Range Load 


mm. Hg Resistance Max. V. Min. V. 
10-5 — 10° 50 KQ | 
— 10-7 1MQ 20 2 
10-7 — 10°8 20 MQ 


A suitable voltmeter can easily be constructed, using 
for example, a 12 AX7 double triode with reduced 
heater voltage, as the input stage. 

The material provided in this report should allow 
the choice of proper conditions, for other special 
applications. There are, however, a few general 
points which are worth mentioning. One observation 
which may be of some interest is that the magnetic 
field reduces the gauge current at pressure of 10-*mm. 
Hg and above. The gauge can therefore be used as 
a pressure indicator at high pressures without 
magnetic field and the current drops to zero at 
= 10‘mm. Hg. Another point is that the gauge 
anode can be brought to white heat and outgassed by 
running with high Va at medium pressures. The 
anode power should be limited to below 4 watts, 
otherwise there is danger of local overheating and 
burn out. 

LS1017 gauges have been operated on pump 
stations for considerable periods of time over the last 
two years. Experience has shown that they are robust 
and simple to operate. They last much longer than 
ionisation gauges, particularly in conditions of poor 
vacuum or on demountable equipment with steady 
leaks. Their sensitivity allows the study of outgassing 
of small metal electrodes and it is felt that their use 
has resulted in a general improvement of pumping 


procedures. 
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CONFERENCE REPORTS 


SYMPOSIUM ON VACUUM ENGINEERING* 


THIS WAS THE TOPIC of the French Lick meeting of 
the American Institute of Chemical Engineers, May 
11-14, 1952. The various engineering sciences using 
vacuum techniques were well represented. 

Although there were no plant trips and limited 
social activities the interest in the meeting indicated 
that indeed vacuum and its attendant problems is 
rapidly assuming a major role in research and 
production in many industries. Mr. Wheaton W. 
Kraft, Vice-President of the Lummus Company, 
arranged the programme. ; 

Each session was attended by several hundred 
people and consisted of the formal presentation of 
the papers, 17 in all, followed by a discussion from 
the floor led by the presiding officer. Honours for 
the best presented paper went to George J. Maslach, 
University of California, Berkeley, who described 
‘Vacuum Facilities for the Study of Supersonic 
Flow.’ 

The following is a summary of the various papers 
presented at the symposium. 


Evaporation Habits of Liquids in Vacuum. 
Presented by : K. Hickman and D. f. Trevoy. 


By means of motion pictures and slides it was 
shown that liquids evaporating in a vacuum exhibit 
‘schizoid’ tendencies, that is, the liquid surface 
tends to separate into two parts, an active surface 
where almost all of the evaporation takes place and a 
torpid surface containing the non-volatile ingredients 
or impurities. To improve the evaporation rate the 
surface must be continually renewed. Apparatus 
used to demonstrate that a ‘ stretching’ surface is 
more active than a ‘compressing’ surface was 
described and the quantitative results obtained 
presented. 


* M.S. received December, 1952. 
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Rectification at Reduced Pressures. Presented 
by : N. W. Frisch, H. Bliss and A. M. Eshaya. 


Rectification was described of the system O- 
dichlorobenzene-O-diethylbenzene in a  3-inch 
diameter column packed with }-inch Raschig rings 
at pressures ranging from 16 to 100 mm. Hg. Their 
data indicate that the height of a transfer unit seems 
to increase (from 1.16 ft. at 49.1 mm. Hg to 1.64 at 
18.5 mm.Hg) as the pressure is reduced. They also 
noted that the values so obtained were apparently 
independent of throughput. They showed that in 
this system the mass transfer is liquid-film controlled 
and hence the variation of the transfer unit height 
reflects the variation of the temperature. 


A Survey of Gauges for Measurement of Low 
Absolute Gas Pressures. Presented by: R. B. 
Lawrance. 


All of the various gauges useful in vacuum 
engineering applications were described and their 
range of potential useful application indicated. The 
difference between the gauges which truly measure 
pressure (McLeod, Knudsen) and those which 
measure other properties (thermal conductivity, 
Pirani and thermocouple ; ionisation, ion and 
Phillips gauges, etc.) of the gas were pointed out. 

The relative advantages and disadvantages of each 
type in various applications were discussed. 


Outgassing Properties of Materials Used in 
Vacuum Systems. Presented by: B. B. Dayton. 


The outgassing characteristics of various gasket 
materials, plastics, waxes and greases were measured. 
It was found that most rubber-like materials outgas 
rather badly at first but that this slowly tapers off 
with time, although neoprene was better than 
ordinary rubber. Of the various non-metallic 
gasket materials measured teflon appeared to give 
about the minimum degassing rate. The quantitative 
relationship between the exposed area of grease or 
gasket etc. and the size of the pump was presented. 
Of course the exposure of such ‘ gassing’ materials 
should be kept to a minimum in any system where a 
minimum pressure is essential. 
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Pressure Drop for High Vacuum Flow of Air 
through Annular Sections*. Presented by : L. A. 
Bromley and C. R. Alancraig. 


The relationship between gas flow and pressure 
drop for flow through smooth copper annular sections 
was experimentally measured. The results indicate 
that on the average molecules suffer more backward 
reflection than would be expected from pure diffuse 
reflection. Indeed, the backward reflection increases 
as the annulus is made more narrow. The theoretical 
results of Barrett and Bosanquet, which appear 
fundamentally sound, were used in this analysis. 

In the transition region between molecular-flow 
and viscous-flow the flow was found to be the sum of 
the viscous and molecular flow contributions. From 
other people’s work this appears only to be true for 
flow of air through copper pipe. 


Problems of the Transport of Vapours under 
Residual Gas Pressures below 1 mm. Hg. 
Presented by : G. W. Oetjen. 


Mr. Oetjen discussed the commercial design of 
equipment and the mechanism of the flow of gas or 
vapours in equipment in which neither molecular 
flow nor viscous flow is completely controlling. He 
especially stressed the problems encountered in high 
vacuum distillation and freeze drying plant. The 
practical approach to such problems is still largely 
empirical in nature. 


A New Synoptic Presentation of the Character- 
istics of High Vacuum Vapour Pumps*. Pre- 
sented by: R. B. Lawrance. 


It is common practice in the characterisation of 
diffusion pumps to plot pumping speed versus inlet 
pressure for a given speed of fore pump. It is, 
however, usually desirable to have much more 
information readily available. Mr. Lawrance has 
developed a method of indicating such information 
on a single sheet of log-log graph paper. The graph 
includes the following: Inlet pressure, typical 
operating fore pressure (for a specific fore pump) and 
maximum tolerable fore pressure all as functions of 
throughput. Numerous other things may be shown 
and questions answered by inspection of the graph. 


* This was published in Chem. Eng. Prog. 48, (1952) 
357-61 
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Selection of Vacuum Pumping Systems. Pre- 
sented by: L. W. Hull. 


Mr. Hull reviewed the various types of vacuum- 
pumping equipment. The relative advantages and 
disadvantages of mechanical jet and diffusion pumps 
were outlined and discussed. Of course the desir- 
ability of any given pump type depends largely on 
the application, e.g., for very low pressures (below 
0.1 micron Hg) a given diffusion pump might be 
satisfactory ; however, a jet pump could not be used. 
He briefly discussed the economic aspects of vacuum 
equipment design with emphasis on the capital 
investment, operating costs and maintenance 
problems. 


Purification of Vacuum Pump Lubricating and 
Sealing Oils. Presented by: F. M. Steele. 


A vacuum pump oil purification unit was described 
in detail. The unit consists of a filter for removing 
solids in series with a vacuum vaporiser. The latter 
evaporates volatile constituents of the oil. Mr. Steele 
described actual existing installations using the 
purification unit. The overall economic advantages 
in most large-scale continuous vacuum installations 
far outweigh the initial cost of such a unit. 


Observations on the Design and Operation of 
High Vacuum Systems. Presented by: C. K. 
Stoddard and W. E. Mooz. 


The factors which must be considered in designing 
any high vacuum system, either static or dynamic, 
were reviewed. Although entirely qualitative, the 
discussion was none the less valuable for anyone not 
too familiar with the pitfalls of vacuum engineering 
design. He discussed briefly mechanical and 
diffusion pumps, leak detection, gasketing, oil 
purifiers for mechanical pumps, diffusion pump 
fluids, cold traps, welding for vacuum service and 
cleanliness of the vacuum system. 

In his discussion of gasketing Mr. Stoddard 
reported that they had found ‘ O ’-rings much more 
satisfactory than flat gaskets. The latter were 
especially bad if compressed too much by over- 
tightening the flange. 


+ This was published in Chem. Eng. Prog. 48, (1952) 
537-541. 
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Vacuum Facilities for the Study of Supersonic 
Flow*. Presented by : G. ¥. Maslach. 


For the simulation of high altitude supersonic flow 
it is necessary to use large high vacuum pumps. A 
five-stage steam jet ejector was found adequate to 
produce a 2 to 4-inch diameter airflow at 30 to 500 
micron Hg. The low density wind tunnel has been 
used at both, subsonic and supersonic flow rates. 
Limitation of the materials used in the construction 
were pointed out. No cast materials were used as 
they are too porous. 


Flow Visualisation in High Vacuums*. Presented 
by : R. G. Folsom. 


The various methods of flow visualisation in high 
vacuum were described and compared. Refraction 
methods include shadow-graph, Schlieren and inter- 
ferometer. Although refraction methods were 
described the experimental results used glow dis- 
charge methods. Qualitative results were presented 
for both, subsonic and supersonic flow of nitrogen 
and air over various shaped objects. Numerous 
pictures in colour were presented. Absorption 
methods were also discussed and _ preliminary 
calibration results on oxygen light absorption were 
presented. 


Altitude Test Facilities for Aircraft Engine 
Research?. Presented by: B. R. Leonard and 
FJ. N. Viven. 


The vacuum facilities at the Lewis Flight 
Propulsion Laboratory were described in detail. 
This equipment is one of the largest vacuum produc- 
ing systems in the world. Although confined to the 
pressure reign well above which the molecular flow 
is important, most of the problems encountered are 
common to all vacuum systems. Very large piston- 
type mechanical pumps were described. The 
procedures used to test aircraft engines for altitude 
performance were also discussed. 


* Published in Chem. Engng. Prog., 48, (1952), 594-598. 
t+ Published in Chem. Engng. Prog., 48, (1952), 542-548. 
+ Published in Chem. Engng. Prog., 49, (1953), 8-14. 
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Professor L. A. Bromley, the author of 
this report, speaking at the French Lick 
Conference. 


High Vacuum Technique — The Incurred 
Savings when Applied to Concentration*. Pre- 
sented by: E. Ff. Kelly. 


The evaporation of water from aqueous solutions 
in falling-film evaporators in a partial vacuum was 
considered to be economically feasible. The savings 
result mainly from decreased corrosion. This is 
caused by two effects: the lower evaporation 
temperatures and the lower flow velocity. Although 
not always to be preferred the falling-film vacuum 
evaporator does appear to have advantages over the 
ordinary circulation evaporators in certain systems. 


Multi-Stage Ejectors for High Vacuum*~. Pre- 
sented by: V. V. Fondrk. 


The design and operating characteristics of single 
and multi-stage ejectors were discussed ; especially 
four- or five-stage units for vacuum in the range 50 
micron to | mm. Hg. Combination of single stage 
characteristics to give the multi-stage operation were 


* Published in Chem. Engng. Prog., 48, (1952), 589-593. 
t+ Published in Chem. Engng. Prog., 49, (1953), 3-7. 
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described. Typical problems encountered were 
presented with their practical solutions. 


Corrosion Problems in Steam Jet Vacuum 
Equipment. Presented by: D. H. fackson. 


Erosion and corrosion in normal high-speed steam 
jet vacuum equipment is a serious problem. The 
damage rate is higher than in almost any other 
equipment handling steam. The results of actual 
operating tests on numerous alloys, plastics and 
carbon were presented. For most purposes the high 
chromium alloy steels appear to be most satisfactory 
from a service standpoint. 
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Flash Vaporisation — Analysis of Fluid 
Mechanical and Mass Transfer Problems. 
Presented by: R. R. Hughes, H. D. Evans and 
C. V. Sternling. 


The semi-quantitative treatment given in this 
paper of the mechanical separation of liquid from 
vapour in flashers and evaporators will aid materially 
in the design of this type of equipment. The general 
concepts of liquid atomisation and drop separation 
were discussed as was flashing efficiency. 


L. A. BROMLEY. 
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LETTERS TO EDITOR 


Comments on ‘New Trends in _ Ionisation 
Phenomena ’ 


Sommaire 

L’AUTEUR SE référe a l’article contribué par Dr. Von Engel, 
sous le titre ci-dessus a notre numéro d’octobre, et étudie 
les possibilitiés pour une application profitable de la pompe 
dions, en tenant compte des propriétés des pompes a 
diffusion existantes. Se référant en particulier aux 
conditions existantes dans le accélérateurs de particules 
chargées, il déclare que techniquement parlant, la pompe a 
diffusion donne satisfaction. En comparant les deux 
systémes sur le plan économique l’auteur en arrive a 
conclure, que les pompes d’ions présentent peu d’avantages 
dans le cas de grosses installations, mais pourraient étre 
avantageuses pour de petits dispositifs. 


IN THE OCTOBER 1951 ISSUE of ‘ Vacuum’, Von 
Engel! has suggested that the ion pump may play a 
role of increasing importance in high vacuum 
technique, and considers that one profitable applica- 
tion could be improved vacua for high energy 
particle accelerators. The purpose of this letter is to 
discuss briefly the technical and economic aspects of 
this proposal for the case of large installations. 

As pointed out by Von Engel, there is no apparent 
phenomenon inherent in the operation of an ion pump 
which. would limit the degree of vacuum obtainable 
with it, although various practical difficulties will arise 
at the lowest pressures. Certainly it can be said that 
the limit is as low or lower than the pressures measur- 
able by existing techniques. But the same can be said 
of conventional vacuum equipment. Modern oil 
diffusion pumps using high grade oils will produce 
vacua of 10°* to 10°? mm. Hg (air equivalent reading 
measured with an ionisation gauge) without the aid of 
cooled baffles or traps, independently of the size of 
the pump, and in conjunction with liquid air traps 
vacua of 10°’ to 10 8mm. Hg are readily obtainable’. 
As is well known, a conventional ionisation gauge will 
not record pressures less than this since an apparent 
positive ion current is caused by the ejection of 
photoelectrons from the collector by X-rays liberated 
from the grid. If the construction of the gauge is 
altered to minimise this effect pressures of the order 
of 10- to 10-!°mm. Hg are recorded*. Certainly the 
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vapour pressures of the higher grade pump oils do 
not exceed this at liquid air temperature. 

Even if pressures lower than those at present 
obtainable could be produced in charged particle 
accelerators, it is doubtful if they would be of value. 
The design parameters of these accelerators are based 
on other technical considerations as well as on the 
degree of vacuum expected, and on the basis of these 
parameters the vacuum requirement can be met. The 
Brookhaven proton synchrotron is now operating 
satisfactorily* with a pressure of about 1 <x 10 °mm. 
Hg. The average pressure in the vacuum tube of the 
Birmingham proton synchrotron® is about 1 x 
10-*mm. Hg when no traps are used, and 4 x 
10-’7mm. Hg when liquid air traps are used. At these 
pressures almost all the particles injected will be 
accelerated to full energy provided the rest of the 
equipment is operating satisfactorily. 

The limit to the pressures obtainable in large 
systems is set not by the pump but by the continuous 
evolution of gases and vapours from the walls of the 
apparatus and the gaskets used to seal the various 
parts of the equipment together. The air leak-rate 
into even the largest vessels can be reduced to a 
negligible value by the use of suitable leak-hunting 
techniques. 

Consequently any comparison between pumping 
systems should be made on economic grounds. For 
this purpose we introduce the concept of the speed 
of an ionisation gauge. Since the sorption phenomena 
depend on the collision of molecules with a surface, 
this speed should be independent of pressure in the 
molecular regime, and it has been shown experiment- 
ally that this is so*°. Assuming that the sorption is 
due to collection and neutralisation of the positive 
ions at the collector, then the speed is :— 


= const. Sc (1) 


where Sg is the sensitivity of the ionisation gauge, in 
say, microampere per mm. Hg. 

For a commercial gauge of a sensitivity of 100ua 
per micron, S is only about 0.02 1./sec., even if all 
ions are pumped. If we consider (as did Von Engel) 
a vessel of a volume of | litre and a current of | 
microampere then :— 


<p = 2 < He/sec. (2) 


which Von Engel states is the order of magnitude of 
the rate of pumping which has been observed in 
investigations on ionisation gauges. In fact, speeds 
of an order of several hundred times that calculated 
from Egn. | are obtainable for the particular case of 
hot filament ionisation gauges when the partial 
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pressure of oil vapour and its decomposition products 
in the system is high.® The sorption in this case is 
probably due to destruction of the hydrocarbon 
molecules on the hot filament and subsequent 
adhesion of the products to the glass walls of the 
gauge°. 

Ion pumps may now be compared with con- 
ventional pumps. A 16-inch commercial oil diffusion 
pump with an air speed of an order of 5,000 1./sec. 
can be operated successfully with a power input of 
2.5 kW. A hot-filament ion pump similar to the 
commercial one mentioned above would consume 
about 6,250 kW. for the same speed when pumping 
air, and about 25 kW. for the same speed when 
pumping oil vapour. In this case the power is 
dissipated in the hot filament. A typical cold-cathode 
gauge gives a current of twenty microamps. at 10°° 
mm. Hg using a potential of 3 kV. In this case the 
power is dissipated in the electrodes and its amount 
wili vary with the pressure. A cold cathode ion pump 
for 5,000 1./sec. would consume about 7.5 kW. at 
104mm. Hg and 0.75 kW. at 10 *mm. Hg, and so 
would be more efficient than a diffusion pump at 
the lower pressures. However, the diffusion pumps 
would still be necessary to cover the region between 
backing pressure and say 3x 10-°mm. Hg. The use 
of both types of equipment on the one installation 
would probably not be considered on the grounds of 
space and added complexity of the equipment. In 
any event in particle accelerators the running costs 
of the rest of the equipment is substantially in excess 
of that of the vacuum pumps, and so is not of major 
importance. 

A liquid air trap for 5,000 1./sec. for pumping 
condensable gases would consume liquid air at a cost- 
rate of about Is. Od. per hour because of the absorp- 
tion of radiation. This would be costly but for the 
fact that since the response of the apparatus to the 
presence of liquid air is almost instantaneous, it need 
only be applied when necessary, for carrying out the 
“experiment or operation for which the pumping 
apparatus was designed. 

The conclusion is that, even assuming that an ion 
pump operates perfectly, neither from the technical 
nor the economic point of view is it likely to supersede 
the oil diffusion pump and/or liquid air traps on large 
equipment, even if this equipment be of a special 
character. It remains to be seen what advantages it 
may offer for small equipment. 

L. RIDDIFORD. 


Physics Department, 
University of Birmingham, 
England. 

27th October, 1952. 
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A Straight Wire Heater for Vacuum 
Evaporation 


Sommaire 

DESCRIPTION D’UNE résistance chauffante pour 1’évaporation 
de matériaux refractaires ou réagissant facilement. Celle-ci 
peut étre obtenue sous forme de fil, ruban ou feuillard, pour 
usage avec des métaux lourds a faible pouvoir mouillant et 
pour la production par évaporation de minces piéces en 
plastique. Le rendement en est augmenté par des écrans 
de radiation trés ajustés. 


IN THE VACUUM EVAPORATION of many substances, 
difficulties arise due to the reaction of evaporants with 
the heater or crucible, and due to thermal inefficiency 
with refractory materials. Other troubles arise when 
the target is of thin plastic, (due to radiated heat), and 
when heavy, weakly adherent metals are evaporated. 

It is the purpose of this note to describe a simple 
heater which has given good service with many 
troublesome evaporants. 

Design. Conditions for Efficient Heating. Defects 
and failures of conventional filament evaporation 
sources such as filament breakages due to alloying 
reaction between heater material and charge, and 
exposure of the target to a heat radiation of far greater 
energy than that necessary for evaporating the charge, 
may occur unless the source design is in accordance 
with the following principles :—(1) Ensuring, both 
before and after melting of the evaporant, a uniformly 
low ratio of thickness of evaporant on the surface of 
the heater to heater wire diameter so that the area of 
the evaporant is at least equal to the heat radiating 
area of the source providing at the same time a source 
of as large an evaporating area as possible; (2a) fully 
using available power by reducing heat lost by 
radiation from areas of the source not actually 
contributing to evaporation and (2b) matching 
heater resistance (hot) to the transformer. The first 
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Fig. 1. 


condition contains, by implication, the requirement 
of a small ratio of evaporant mass to heater volume, 
minimising alloying and burn-out ; and also a small 
ratio of evaporant mass to heater surface area, leading 
to rapid evaporation for a given current, or minimum 
heat for a given rate of evaporation, and therefore 
reducing ability to alloy; minimum action of gravity 
on weakly adherent metals, and minimum shorting 
of heater resistance by the evaporant. The second 
condition means that current is saved for a given 
evaporant or that highly refractory evaporants can 
be melted. 

Heater Construction’. Obviously the simplest 
heater is a short thick rod of tungsten, and if thin 
foil, tape or wire is wrapped tightly and evenly on it, 
condition (1) is partly met. After melting, however, 
it 1s not satisfied because the material flows and forms 
accumulations at a few parts of the heater. In order 
to prevent this, a thin wire of tungsten is wound 
round the heater rod at one or two diameters spacing, 
leaving an inch free at each end for electrical con- 
nections. This now satisfies condition (1) very well, 
provided the evaporant is thin compared with the 
tungsten core and is wound on in the spaces left by 
the thin coil of tungsten wire. Condition (2b) is met 
by adjusting the length for a given rod diameter. 
Heaters used in the laboratory vary between 4 inch. 
and 8 inch. in length, and 0.040 inch. to 0.080 inch. 
in diameter, the wrapper wire between 0.007 inch. 
and 0.010 inch. diameter, and the evaporant between 
0.005 inch. and 0.020 inch. diameter of wire (or 
thickness of tape or foil). It is usual to arrange for 
the rod diameter to be at least 4 x the wire diameter. 
No heat or jig is needed for construction. The 
design of the electrical connections must permit the 
heater to expand when in use. 


Sectional view of the straight heater and radiation shields. 


Radiation Shields*; *, Condition (2a) above is met 
by the use of radiation shields. Experience with a 
self-shielded furnace heater showed the great 
convenience and efficiency of such a device, and its 
construction was adapted for use with rod heaters, 
whose cylindrical symmetry is ideal for this applica- 
tion. 3 or 4 concentric quasi-cylinders are formed by 
reverse folding from a sheet of Mo or Ta, and 
mounted either on Mo wire, or on quartz tubes over 
the tungsten heater at the ends. The bore of the 
central cylinder is about { inch., and the reverse 
folding leaves a set of aligned slots for evaporation 
to reach the target. 

The power gain, defined as the ratio of the power 
needed to raise the heater to a given temperature 
when shielded to the power needed to reach the same 


temperature when unshielded, is known to be 
E= : 

—-—n+l 

t 


where t is the transmission coefficient and n is the 
number of thin cylindrical concentric shields. t for 
Mo is 0.35 at 1,730°C and for Ta is 0.418, and 
calculation gives E = 0.193 for 3 shields of Ta. The 
continuous form of construction of shields, end 
losses, slot losses, etc., prevent such efficiency being 
achieved in practice, but very noticeable gains are 
obtained. 

Applications. (1) Low Melting Point (< 1,600°C) 
Evaporants. Condition (2) can be ignored here, but 
(1) is important for reactive or weakly adherent 
metals. Those attempted include Al, Ni, Fe, Pd, 
Au, Ag, Cu, Sn, Pb, F.I.20, Nichrome, Chromel, 
Alumel. Weakly adherent metals have to be melted 
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more slowly, but after melting evaporation is a matter 
of seconds. Complete evaporation of Al occurs in 6 
seconds including warm-up time, with 0.048 inch. 
diameter heaters and 0.0108 inch. Al wire. The 
heater survived 24 evaporations of Al, and an 0.064 
inch. heater has survived over 40 and is still in use. 
Current for the 5 x 0.048 inch. heater is about 
60 Amps when evaporating Al, at 3 or 4 Volts. 
Alloying with reactive metals is considerably reduced 
and the heavy materials are quickly and easily 
deposited without loss. 

(2) Higher Melting Point Evaporants (> 1,600°C). 
Here radiation shields are useful, or even necessary 
and for reactive materials 8 x 0.080 inch. tungsten 
rods are used taking 220 Amps. at 10 Volts full 
power. Such a heater with Ta shields will evaporate 
Mo wire or foil in about 1 minute from melting. 
Zr, Rh, Pt, Ti can also be satisfactorily deposited 
from this heater, shielding reducing the current 
needed for Zr from 200 to 160 Amps and saving 
over 800 Watts in 2,000 of input power. The 
pressure indicated by ionisation gauge is => 5x 10° 
mm. Hg. Again, the heater will survive many 
depositions, even with Zr 0.020 inch. wire, melting 
and deposition requiring about 2 minutes. 

(3) Coating Thin Plastic Targets’. Heat-sensitive 
targets of thin plastic need dual protection if any but 
the lowest melting-point materials are to be 


evaporated. Assuming a suitable design of cooling » 


block for the target, (clear glass or quartz seems much 
more efficient than metal, presumably because no 
heat is reflected back into the target), the heater must 
operate rapidly and at uniformly low surface temper- 
ature. Straight heaters as described meet this 
requirement sufficiently to deposit Cu, Al, Ag, Au, 
Fe on to Distrene (0.0004 inch. thick), Nylon 
(0.0002 inch.), Terylene (0.0001 inch.) and Araldite 
(0.001 inch.’ without difficulty. Pliofilm (0.00025 
inch.) on which Al deposits are normally ‘ black’, 
will permit a bright coating under these conditions. 
P.T.F.E., Perspex, Polythene have also been coated. 
The use of 0.048 inch. diameter heaters minimises the 
warm-up period, and helps to protect the target from 
useless heat. An 18 inch. bell jar was used and targets 
were 6 inch. or more from the heater, though this 
distance is not always necessary. 

(4) Coating the Inner Surface of Tubes. The 
straight heater is the best shape for such applications 
and its low surface temperature is an advantage. A 
fine mesh gauze cylinder surrounding the heater and 
mounted on it by quartz tubes cuts down radiant 
heat and so permits a more efficient heater temper- 
ature. It also cuts down arrival of evaporant, but this 
is less important than being able to attain melting 
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temperature at all. A bell jar is not, however, a 
suitable means for evaporation if the tube is of small 
bore. 

(5) Use with Reactive Powders. For reactive 
powders, SiO,, Si, Va, etc., the conditions for 
satisfactory heating can be approximated to, by 
grinding a slight flat on the 0.080 inch. rods, and 
replacing the wrapper wire by a fold of Ta or Mo, 
U-shaped, to prevent powder falling from the sides, 
the structure forming a boat of 0.080 inch thick base 
and thin sides. Chances of burn-out are much 
reduced and such a heater withstood several attacks 
of Boron and SiC, though no claim is made that the 
resulting films were either B or SiC. 

Conclusions. There seems to be no one fully 
satisfactory method of evaporating materials, (powder 
chip and wire), in reasonable quantities onto all types 
of target, and certainly the heater described here 
cannot have this ability claimed for it. Resistance 
heating, however, offers certain advantages for a wide 
range of materials and targets, and the straight wire 
heater reduces the disadvantages of this simple and 
practical method. 


The interest and encouragement of Mr. T. A. J. 
Jaques are gratefully acknowledged, and thanks are 
due to the Director, A. E. R. E., Harwell, for 
permission to publish these notes. 

J. BrraM. 
Ministry of Supply, 
Atomic Energy Research Establishment, 
Harwell, 
Didcot, 
Berks. 
8th August, 1952. 
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Protection of Aluminium Front Surface 
Mirrors by Anodic Oxidation 


Sommaire 
IL A ETE ETUDIE la protection de miroirs en aluminium avec 
couches de front par l’oxydation anodique, comme la 
décrit Hass. Des miroirs aluminisés traités anodiquement 
ont été produits sur une gamme de tensions anodiques allant 
de o—160 V et leur réflectivité a été mesurée sous différents 
angles d’incidence dans la région de 4,600-6,000 A. Les 
miroirs anodisés 4 108 V avaient une réflectivité pratique- 
ment uniforme de 89 °,, raisonablement constante jusqu’a 
60° d’incidence. Des essais ont également été faits 
concernant leur résistance aux rayures et aux intempéries. 


VARIOUS METHODS HAVE BEEN REPORTED for improving 
the mar resistance and weathering properties of front 
surface aluminium mirrors, prepared by the evapora- 
tion technique, such as the evaporation of SiO or 
TiO, protective films. Careful control of the 
evaporation conditions are essential in the evaporation 
of such oxides otherwise lower oxides plus free metal 
are deposited so that the protective layer has a high 
selective absorption. The protective film is usually 
of interference thickness and must therefore be 
uniform to ensure a constant reflection colour but it 
is very difficult to deposit by evaporation a uniform 
interference film on large plane or intricate surfaces. 
Increasing the thickness of the naturally formed 
protective aluminium oxide film by anodic oxidation 
does not suffer from any of the foregoing defects. 
The aluminium oxide is highly transparent and its 
thickness, which is readily controlled by the anodising 
voltage, grows to a constant limiting amount 
irrespective of surface detail. 

A practical method of anodising evaporated 
aluminium films to form dense and highly transparent 
amorphous oxide coatings has been described by 
Hass'. His published data of the effect of the oxide 
thickness on the spectral response of the mirror was 
for mirrors that were not sufficiently achromatic for 
many applications and his measurements did not 
include the change in reflectivity with light incidence 
angle. Experiments have been made in these 
laboratories to find the oxide thickness at which the 
response of the mirrors was most achromatic. The 
reflectivity of a range of mirrors of increasing oxide 
thickness was measured at different angles of 
incidence in the region 4,600A to 6,000A. The 
improvement in the mar and weather resistance of 
the films after oxidation was also investigated. 

The apparatus used was based on that described 
by Hass.! The electrolyte tank was large enough to 
enable a 12-inch square reflector to be treated. Both 
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electrodes were suspended by bulldog clips with" 
aluminium jaws so that only aluminium came into 
contact with the electrolyte, the cathode being a mesh 
of pure aluminium wire (6 in. x 9 in.). The clips 
holding both cathode and anode were attached to a 
lid on the tank and the lid which was fitted with 
guide rods, could be raised or lowered vertically. 
This arrangement was found very useful as it was 
essential to keep the electrolyte dust and grease free 
when high-grade mirrors were being treated. 

The power supply was connected to terminals in 
the lid. It was decided not to use a bank of 
accumulators owing to the cumbersome nature of 
such an arrangement. Instead a _ transformer 
supplying 160V was .used and the output was 
connected to a bridge rectifier circuit capable of 
supplying 150V and 2A. As the voltage which 
determines the final thickness of the Al,O, layer is 
the peak voltage, and as the time for which that 
voltage passes had to be known it was necessary to 
smooth the output. This was done by means of an 
8uF and a 40uF condenser across the output 
separated by an 800 series resistance. An oscillo- 
scope was connected across the output and a mirror 
was anodised. Initially there was a 10°, ripple, but 
as soon as the current dropped (after about 1 minute) 
the ripple decreased to 3°, of the output voltage. It 
was calculated that with the voltmeter used the 
maximum error would be 1.5°%. 

The anodising voltage was controlled by a variable- 
ratio transformer in the input and an ammeter was 
included in the output circuit so that initially, when 
the load resistance was very low, the current could be 
controlled. Without a limiting resistor the 
evaporated film fused where it entered the electrolyte 
or where the contact was made between mirror and 
support. 

The electrolyte used was a 3%, solution of 
ammonium tartrate in distilled water. The pH 
being adjusted to 5.5 by addition of a small amount 
of tartaric acid solution. 

The Al,O, film is non-conducting and forms an 
anodic barrier on the aluminium surface so that the 
oxide film limits its own growth to a definite repeat- 
able thickness dependent only on the applied voltage. 

Hass! found that after 2 minutes the oxide forma- 
tion was substantially complete and over a range of 
0—200V increased linearly by 13A per Volt. Other 
investigators using a similar technique but different 
electrolytes have obtained close agreement, for 
example, Lomer? has reported for ammonium 
phosphate a thickness value of 14A per Volt and 
Walkenhorst* for ammonium citrate gives a value of 
13.7A per Volt. Because of this close agreement 
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VOLTAGE Fig. 1. The reflectivity 
of anodically treated alumi- 
nium films. 


thickness measurements 
were not considered 
necessary in our investiga- 
tions and for convenience 
the thickness values given 
in the Graph are based on 
13A per Volt. The alum- 
inium used must be pure. 
Evaporated aluminium 
films were quite  satis- 
factory but it was found 
mercial grade aluminium 
sheet prevented the forma- 
2000 tion of an impervious oxide 
THICKNESS OF Alz O3 on this material so that 

(Angstrom units.) high currents were passed 
j for an indefinite period. 
With the porous oxide it 
was impossible to raise the 
voltage to the required 
value because the current 
became excessive. 

The specimen mirrors 
used for the reflectivity 
measurements were pre- 
pared by evaporating 
aluminium wire from 
tungsten filaments onto 
glass which had _ been 
cleaned with a detergent 
followed by polishing with 
chalk and cotton wool 
soaked in isopropyl alco- 
hol. The glass was also 
cleaned im vacuo by an 
intense ionic bombard- 
ment. The aluminium 
deposited was calculated 
to have a film thickness of 
0.3 microns. Several sets 
of mirrors were anodised at 
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| ©-4600A | | Fig. 3. The reflectivity 
1800 1000 of anodically treated alumi- 
nium films as a function of 
THICKNESS OF Aly 03 oxide thickness and light 
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steps. The mirrors were washed in distilled water, 
allowed to dry and then polished with cotton wool. 
Reflectivities of each mirror were determined at 12° 
incidence, using a tungsten filament light source, and 
Wratten filters Nos. 50, 74, 21 and 24A in conjunction 
with a photomultiplier cell (type RCA 931A). 
Maximum sensitivity for the combination occurred 
at 4,600, 5,300, 5,700 and 6,000A respectively, and 
the reflectivity measurements are considered accurate 
to within + 1%. 
The film reflectivities as a function of thickness for 
each of the four wave- 
lengths were plotted (see 
Fig. 1) and it showed —_———— 
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corresponding to an anodising voltage of 108. Above 
60° incidence it is apparent that the oxide coating 
(for all the thicknesses investigated) produces a 
definite drop in the overall response of the mirror so 
that either the reflected light is intensely coloured or 
the mirror is fairly achromatic but of low reflectivity. 

Fortunately, most mirrors are not used at very high 
angles of incidence and this drawback is. seldom 
encountered. For general use, where front surface 
mirrors are necessary, the optical properties of a 
mirror anodised at 108V should be almost as good as 


quite clearly that the most 
achromatic mirror possible 
was produced with an 
anodising voltage of 108V. 
The overall reflectivity of 
this mirror was 89°, which 
was as high as a normal 
aged aluminium mirror. 
The reflectivities of 
mirrors which had been 
anodised at 90 and 130 


Volts were measured, for 
each of the four wave- 
lengths at 20°, 40°, 60° 
and 80° incidence. The 
results of these tests were 
plotted in two ways. In 
Fig. 2 are shown the 
reflectivities against the 
wavelengths at various in- 
cidence angles for each of 
six mirrors (the first mirror 
in the series is a plain 


REFLECTIVITY 


aluminium mirror). It 
appears from the curves 
that up to an angle of 60° 
incidence the most 
achromatic mirror lies 
between those anodised at 
100 and 110V. In Fig. 3 
the reflectivities at various 
wavelengths have been 30} 
plotted against AI,O, 
thickness for each of the 
angles 20°, 40°, 60° and 
80°. The most achromatic 
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mirror, over a range of — 
light incidence angles from 


0 to 60°, was that with an 
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Fig.2. The reflectivity ’of anodically treated aluminium films as a function 


oxide film 1,400A thick, of wavelength and light incidence angle. 
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VOLTAGE 


treated films as 
a function of 
oxide thickness, 


Fig. 4. Abra- 
sion resistance 


of anodically 


No. OF ABRASIONS 


THICKNESS OF Aly O3 


(Angstrom units.) 


a plain aluminium mirror which has been exposed to 
the air for a few days. 

Hass! determined the refractive index n of his 
Al,O, films by dividing the differences in their 
optical thickness n (t,-t,), between the maxima and 


minima of the interference orders, by the true thick- 
ness (t,-t,). The result obtained by this method is 
only an average value of n because Weiskirchner® has 
recently shown that n increases steadily with the 


anodising voltage. A further difficulty is that the 
position of the interference orders cannot be 
determined with great accuracy because of the 
shallowness of the curves at these points. Con- 
sequently the results given in Fig. 1 are not considered 
suitable for determining the refractive index. 

The method used for assessing the mar resistance 
was designed to simulate the conditions obtained 
when a mirror is cleaned by polishing with a soft 
cloth. The treated mirror was clamped on to the 
sliding member of a reciprocating mechanism driven 
by a variable speed motor fitted with a counter. A 
counter-balanced arm was fitted at one end with a 
; inch diameter rod placed directly above the mirror 
and a small piece of ‘ Selvyt ’ cloth was stretched over 
the flat base of the rod. The mirror was then drawn 
back and forth about 120 times a minute with the 
* Selvyt’ cloth pressing on its surface under a load 
of 600 g until the first scratch appeared. A new piece 
of ‘ Selvyt’ cloth was used for testing each mirror. 
In Fig. 4 is plotted the number of times the ‘ Selvyt ’ 
cloth moves over the same point on the mirror before 
a scratch appears as a function of the anodising 


voltage. 

An untreated aluminium mirror three days old was 
scratched the first time the cloth moved across it but 
a mirror anodised at 108V withstood approximately 
1,000 similar abrasions before a surface mark 
appeared. 

Experiments were also made to improve the mar 
resistance of aluminium films evaporated on to 
lacquer substrates which had been applied to the 
metal bases of automobile head lamp reflectors. The 
aluminium film could not be anodised when the 
lacquer film only partially covered the reflector base 
because of the excessive current passed from the 
exposed metal, but the thermo-setting lacquer used 
as a substrate proved to have good insulating 
properties when completely covering the reflector 
shell. After anodising, the reflector could be rubbed 
vigorously with a soft cloth without marring the 
surface, whereas this is usually impossible on un- 
treated aluminium films deposited on lacquer 
substrates. 

A set of mirrors on glass bases was made as for the 
reflectivity measurements except that only half of 
each mirror surface was anodised. The mirrors were 
then placed in an exposed position on a flat roof for 
40 days. The site chosen was near a gas works and 
the atmosphere was badly contaminated with SO,. 
After exposure the mirrors were washed in ‘ Teepol ’ 
followed by distilled water and finally gently polished 
with cotton wool. The untreated aluminium surfaces 
were all badly corroded and specular reflection had 
almost entirely disappeared. The appearance of the 
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portions which had been anodised varied with the 
thickness of the oxide coating. Those anodised at 
low voltage were identical to the untreated aluminium 
whereas those anodised at 110V remained sub- 
stantially undamaged except for numerous pinholes. 
The reflectivities of the bare aluminium and the 
mirror anodised at 110V measured at 12° angle of 
incidence, after exposure were (in °%, reflection) : 


4,600A 5,300A 5,700A 6,000A 


Untreated Aluminium 32 35 36 36 
Anodised 1rroV 843 83 83 


The oxide layer must have remained substantially 
intact because when viewed at glancing incidence the 
interference colours were the same as those on treated 
unexposed mirrors. 

L. HOLLAND 
N. SUTHERLAND 
Research Laboratories, 
W. Edwards & Co. (London) Limited, 
Lower Sydenham, London, S.E.26. 
England. 
15th September, 1952 
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An Early Method of Vacuum— 
Melting Tantalum 


Sommaire 
L’AUTEUR RAPPELLE UNE TECHNIQUE de fusion sous vide, déja 
ancienne, due 4 O. A. Simpson et W. Von Bolton et 
employée par Siemens et Halske a Berlin de 1903 a 1912 
pour la fabrication de filaments de tantale pour les lampes 
a incandescence. Il donne des détails du procédé et un 
croquis de l’appareil de fusion alors employé. L’auteur 
est d’avis que cette méthode classique offre toujours des 
possibilités pour le laboratoire de recherche moderne. 
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MAY I SUPPLEMENT Dr. G. L. Miller’s comprehensive 
and well balanced article on Applied Vacuum 
Metallurgy in ‘ Vacuum’ January, 1952, 19-32 by a 
few historical comments on the production and use 
of tantalum metal, in the development of which I 
have taken a modest part as a junior scientist and 
assistant to Dr. W. Von Bolton, the inventor of the 
first method of the production of ductile vacuum- 
melted tantalum in 1902'. The development of the 
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melting technique as well as the rolling and drawing 
for production purposes was due to the late electrical 
and mechanical engineer Otto Archibald Simpson, 
and it was used between 1903 and 1912 for the 
manufacture of filaments for incandescent lamps in 
the Siemens & Halske factory at Berlin-Charlotten- 
burg (now Osram, Berlin). Apart from lamp fila- 
ments, dental and surgical instruments as well as 
special laboratory tools like dishes were made from 
vacuum-melted tantalum metal. The vacuum 
sintering process was used at a later date for a 
multiplicity of technical purposes, but not for lamp 
filaments (the lamp became obsolete and was gradu- 
ally replaced by the tungsten lamp since 1911)’. 
More than 60 million tantalum lamps with filaments 
ranging between 0.03mm. and 0.08 mm. diameter 
were produced between 1903 and 1912%, requiring 
an amount of ductile, vacuum-melted tantalum of 
the order of one ton‘. 

A sketch showing the principle of the melting 
apparatus, which was used in the Siemens & Halske 
factory’ is to be found in the book on powder 
metallurgy by Kieffer and Hotop*. The sketch 
attached to this note has been made from memory 
by the writer. It has been repeatedly shown as a 


lantern slide in lectures on industrial applications of 
vacuum techniques within the last few years. Though 


the sketch is essentially self-explanatory, I may 
mention a few points. The pressed tantalum powder 
pellet, weighing 80-100 grams, was resting on a 
tantalum sheet of about 2mm. thickness. The ‘ arc 
stabilizing ’ cathode of the direct current arc (50-80 
Volts, 50-300 Amps.) consisted of a mixture of Ta 
and TaO, (the dissociable brown oxide) or according 
to a later suggestion’ of a mixture of W and BaO ; 
the first mentioned having remained the standard 
procedure. The pressure at which the arc was 
started was about 5 x 10% mm. Hg (two-stage 
reciprocating oil pump). It then went through a 
maximum as a result ef degassing and oxide dis- 
sociation, and at the end of the melting cycle was 
about 5 x 10° mm. Hg. The melting took a few 
minutes and the pellet, which had a considerable 
surface tension, was kept liquid for one to two 
minutes. This could be observed by the vibrations 
of its surface. The melting cycle was then broken 


April, 1952 


off and after cooling down air was admitted, where- 
upon the pellet was turned upside down and melted 
again. During the melting the cathode was manually 
moved around the pellet in a few mm. distance and 
the current was controlled carefully by a variable 
series resistance in order to keep the pellet at the 
required even temperature. This was carried out by 
specially trained ‘ unskilled ’ operators. The finished 
malleable ‘ lenses ’* consisted of one to six crystallites 
and were rolled down on hexagonal-profile steel 
rollers, to about 1.5mm. and then drawn through 
drawing plates made of steel to about 0.3mm. and 
then through diamonds. I vividly remember the 
early times, when 1,000 metres of 0.05mm. wire 
were a day’s target. 

I think that with obvious adjustments to the 
present ‘state of the art’ the ‘ classical’ vacuum- 
melting method I have sketched has still some 
potential applications in the modern research 
laboratory. 
M. 
2, The Clone, 

Kingston Hill 
Surrey, England. 
3rd January, 1952 
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BOOK REVIEWS 


Vacuum Technique. By A. L. REIMANN. 
(Chapman & Hall Ltd., London, 1952). Pp. 449. 
Price £2 10s. Od. 


It might well be argued that another book on the - 
subject of vacuum practice is unnecessary at the 
present time: at least six such books have been 
published in Britain and America since the war apart 
from those which have appeared in France and 
Germany. Yet this new volume is a valuable 
addition to the literature, in fact it should be regarded 
as indispensable, especially to those engaged in 
research, development and production work on 
electron tubes of all kinds. A great deal of valuable 
information is conveyed by an author of obviously 
very wide experience, yet the text is easy to read even 
by those of comparatively limited scientific attain- 
ments. 

The author was formerly a senior member of the 
scientific staff of the G.E.C. Research Laboratories 
Wembley. The text reflects, therefore, the extensive 
practical knowledge of vacuum technique extant in 
that famous establishment, as well as containing data 
culled from a diligent reading of some three or four 
hundred of the more important literature references. 
Since, however, the author has been chiefly interested 
in electron tubes so the increasing number of users 
of vacuum gear who may be broadly classified as 
having interests in metallurgy and chemical engineer- 
ing will not find the volume of especial value, except 
in so far as the fundamental techniques of removing 
gas and measuring the residual pressures are the 
same. Again, there is much important data given 
about small size laboratory plant but little concerning 
large pumps and vacuum chambers. 

The book is mainly devoted to a comprehensive 
account of backing, molecular and diffusion pumps 
of both the mercury and oil types, including details 
of speed measurement practice, followed by chapters 
on pump systems, glass and its manipulation, glass- 
to-metal seals, the absorption of gases and, finally 
vacuum gauges. The order of development is sound 

except that it is surprising to find that measurement 
of low pressures at the end, especially as leak-finding - 
is dealt with much earlier and, now-a-days, the two 
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subjects are so interdependent. As a result the 

discussion of leak-finding is not entirely satisfactory : 

the descriptions of the use of such devices as the 

hydrogen sensitive ionisation gauge, the mass 
spectrometer, and even the Pirani gauge, being in- 
sufficiently detailed. 

Some of the particularly praiseworthy features of a 
useful book are the data on the water-jet pump, the 
discussion of molecular and semi-molecular flow 
through tubes and the manner jn which the formulae 
concerned are related to practice, the section on the 
correct use of backing pumps, the data on glass 
mercury diffusion pumps including freezing traps, 
the use of baffles in oil diffusion pumps, the 
observations on the question oil versus mercury, the 
data on glass and glass-blowing including glass-to- 
metal seal making, and finally the detailed manner in 
which nearly all topics are treated in a thoroughly 
practical manner based on wide experience and a 
sound scientific basis. 

The considerable data on the theory of the diffusion 
pump is of great interest but not too well collated. 
It is surprising to read that the reason why a two- 
stage rotary pump exhausts to a lower pressure than 
a single-stage pump is because of the reduction in 
the amount of dissolved air in the oil. Surely this is 
not the whole story. What about the question of 
the design of the residual swept volumes in con- 
junction with the nature of the outlet valve to air, 
and the consideration of minimum allowable rotor 
to stator clearance ? To assume rather than prove 
the molecular flow formulae is quite justifiable, but 
it seems a pity to give the formulae for the case of a 
tube of finite length and thence derive the equation 
for a hole in a thin plate. There is no mention of the 
useful oil pipette in measuring pump speeds. The 
cracking of buty] phthalate in a diffusion pump with 
copper parts is discussed. Does this catalytic action 
also occur when using the more widely extant 
Apiezon and silicone oils ? After all, a well-known 
series of oil diffusion pumps using Apiezon oils with 
copper jet systems have been in use for several years. 
The vitiation of the vacuum due to the evolution of 
dissolved air from tap grease is an interesting 
observation to make, but it should be stressed that 
this is usually only important when the vessel is cut 
off from the pumps. The discussion of glass versus 
metal pumps and of oil versus mercury as the working 
fluid is possibly a little over-shadowed by the author’s 
experience having been mainly in research on 
electron tubes. Finally, a small mistake, the arrow 
on the diagram of the rotor of a molecular pump is 

pointing the wrong way. 
The suggestions offered in this previous paragraph 
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are, however, but minor critical comments on an 
excellent book. Though many scientific workers 
may be reluctant to buy the book because of its 
price, yet this would be false economy : if they are 
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engaged in vacuum practice they are bound to find 
some information in the text which will repay their 
expenditure in a handsome manner. 

J. YARWoop. 


of vacuum interest 


The Editor will be pleased to consider for publication in this 
column news items and personal notes of interest to vacuum 
workers. 


Lectures 


AS IN PREVIOUS YEARS the Northampton Polytechnic 
St. John Street, London, E.C.1, has arranged for 12 
lectures on the subject of INDUSTRIAL APPLICATIONS 
OF HIGH VACUUM TECHNOLOGY to be held during 
the current session period beginning February 24th 
and ending May 26th 1953 at 7 p.m. The 
programme of the lectures is given below. 


February 24th 

The Production and Measurement of Ultra High Vacua 
Lecturer : G. H. Metson 

March 3rd 

Leak Detection 

Lecturer : 7. H. Leck 

March toth and 17th 

Surface Coatings on Optical Components 
Lecturer : W. Zehden 

March 24th 

Large Accelerator Vacuum Systems 

Lecturer : L. Riddiford 

April 14th 

Vacuum Evaporation for Industrial Processes 
Lecturer : L. Holland 

April 21st 

Freeze Drying 

Lecturer : L. G. Beckett 

April 30th and May 7th 

Glass-to-Metal Seals for High Vacuum Apparatus 
Lecturer : O. Adams 

May 12th, 19th and 26th 

Vacuum Technology in the Valve and Cathode Ray Tube 
Industry 

Lecturer : R. O. Fenkins 


Fee for the course £1. Further details available from 
the Polytechnic Office, at the above address. 


Miscellanea 


January, 1953 


THE NATIONAL RESEARCH CORPORATION, U.S.A., has 
announced that the Earl of Selkirk and Mr. R. S. 
Morse, the Chairman and Director respectively of 
the British American Research Ltd., have resigned 
from the board of the British company. The agree- 
ment between the two companies, by which the 
British American Research Ltd. had acquired certain 
rights, patents, techniques and general production 
information, has been terminated and the National 
Research Corporation has disposed of its entire 
holdings in this company. British American Re- 
search Ltd. will cease to act under this name. 


December, 1952 


MESSRS. DISTILLATION PRODUCTS INDUSTRIES, 
Rochester N.Y., U.S.A. the vacuum plant manu- 
facturing division of Eastman Kodak Co. and the 
Consolidated Engineering Corporation have an- 
nounced simultaneously that the former has become 
a subsidiary company of the latter and will operate 
under the title of CONSOLIDATED VACUUM CORPORATION 
as from January Ist, 1953. The technical staff of 
Distillation Products Industries will remain with the 
new company. 


WE HAVE BEEN ASKED by one of our readers to publish 
the following inquiry :—Are any methods known 
whereby a vacuum system, consisting of large pyrex 
and quartz components which cannot be vacuum- 


_ baked, could be cleaned in order to reduce adsorption 


and subsequent degassing time to a minimum ? 
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CLASSIFIED ABSTRACTS 


Vacuum Research, Apparatus and Instruments 


The publishers endeavour to make the compilation of abstracts published in this section as comprehensive as possible, but cannot 
undertake to trace and quote all relevant information published on these subjects. 

All abstracts are formulated strictly in accordance with the contents of the original publication, but the publishers are not responsible 
for such mistakes as may have been made in abstracting. Statements or opinions expressed in the publications quoted do not necessarily 
represent the experience and/or opinions of the publishers. 
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Classified Abstracts 


Arrangement of Subjects 


All abstracts published in this section are allocated to one or more of the subjects shown in the following list: 


(I) 


VACUUM ENGINEERING — GENERAL 15 — PHYSICS 


General Science and Engineering 


ll — 16 — CHEMISTRY 
12 — 17 — METALLURGY 
13. — ELECTRICAL SCIENCES 18 — 
’ 14 — MECHANICAL SCIENCES 19 —. SCIENCES (other than the above) 


(II) Vacuum Apparatus and Auxiliaries 


PUMPS 25 


21 — GAUGES 26 — MATERIALS 
22 — MEASURING PLANT — VACUUM 27 — 
23 — INSTRUMENTATION 28 — APPARATUS COMPONENTS 


29 MISCELLANEOUS APPARATUS 


(III) Vacuum Processing Techniques 


35 


EVAPORATION 


31 — CATHODIC SPUTTERING 36 — DRYING 
32 37 — METALLURGICAL PROCESSES 
33 — IMPREGNATION 38 — DISTILLATION 


FUMIGATION 39 MISCELLANEOUS PROCESSES 


(IV) Special Subsidiary Subjects 


GASES & VAPOURS 45 — ELECTRONICS 
41 — FREEZE DRYING 46 — 

42 — 47 — GLASS PROCESSING 
48 
49 


Indices 


Three indices are appended to each issue of abstracts: (1) A Cumulative Subject Index in front of the text. 
: (2) a Cumulative Author Index at the back of the text and (3) a List of Periodical Publications quoted. 
Index (1) and (2) will show all abstracted information published up-to-date in the current volume of the journal. 


Filing of Abstracts 


} All pages containing the text of abstracts are printed on one side only and are detachable ready for filing in 
. special folders. Each main group of subjects (I, II, III, IV) starts on a separate page in each issue and all 
abstracts in any one group are numbered consecutively throughout all issues of a volume. To distinguish the 
current numbers of abstracts belonging to one of the four groups from those allocated to other groups, the 
group number is shown as a suffix to the current number of the abstract e.g., 20/I as distinct from 20/II, etc. 


Translations 
Translations of some of the foreign publications quoted can be supplied. 
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Classified Abstracts 


Cumulative Subject Index, Vol. II (1952) 


For information published in the first volume under these or other headings see October 1951 issue. 


Subject Abstract No. 


I — General Science and Engineering — I 
(For Abstract Nos. 1/1 — 61/1; see January issue) 


10 — VACUUM ENGINEERING (GENERAL) — 10 


Distillation ae 4/1; 

Electrolytic Polishing 74/1; 

Freeze Drying 13/1; 14/1; 15/1; 73/1; 

Gas Supply to Vacuum n Systems aie 

Gauges 

Gettering 

Industrial Applications 

Training and Education _... 16/1: 62/I1; 

Vacuum Systems (Design of —) ... es 6/1; 66/1; 


13 —- ELECTRICAL SCIENCES — 13 


Insulation in Vacuum | 76 


Rectification 18/1; 19/1; 77/1; 
Semi-Conductors 18/1; 19/1; 78/1; 
Thermistors 

Transformers 


14 — MECHANICAL SCIENCES — 14 
Design of Vacuum Vessels ... bos ee 83/1; 84/1; 


15 — PHYSICS — 15 


Acoustical 

Atomic 

Cosmic Rays is 

Crystals (Metallic—) 

Low Temperature... ; 98/1; 

Mesons : 

Multiple- -Beam Interferometry 25/1; 

Optical—General ___... ; 27/1; 28/1; 87/1; 89/1; 94/1; 
Optical Methods of Measurement ... 

Radioactivity ; 34/1; 85/1; 

Spectroscopy (Infra-Red) 

Surface Studies of Solids 

Thermodynamics 

Ultra-Violet (Vacuum—) 


CHEMISTRY — 16 


Catalytical ... 49/1; 50/1; 51/1; 
Fatty Acids ... 44/1; 45/1; 101/1; 


Vacuum 
Vol. II No.2 


April, 1952 


O 
vol 
2 
195 
O 
— 


VACUUM 


Classified Abstracts 


Cumulative Subject Index, Vol. II (1952) 
Contd. 


Subject 


Gelatine and Glue 


Hydrocarbons Se ree 46/1; 47/1; 48/1; 104/1; 105/1; 

Micro-organisms wae 43/1; 

Molecular Weights... 39/1; 40/1; 41/1; 

Vapour Density Determinatio 41/1; 

Vitamins 


Molybdenum ... 60/1; 61/1; 
Oxidation of Metals ... 110/1; 
Plating of Ceramics 107/I; 
Structure of Metals ... 53/1; 


Films by Non-Vacuum Methods (Deposition 
of — ) 


111/1; 


Charged Particle Accelerators (Vacuum 


Plant for — ) ... 49/II; 
Developments ae = 
Diffusion Pump 3/II; 47/11; 
Fluids (Pump — ) .... 4/II;  5/II; 
Ionisation Pump... 45/11; 

Jet Pump  ... 48/II; 
Radio-Activated Gases (Vacuum Produc- 

tion by — 46/II; 


Differential Manometer 17/II; 
Gauges (Various Types of — ) 10/II; 
Ionisation Gauge __.... IQA; 55/11; 56/1; 57/0; 
Mercury-Column Manometer 18/II; 51/II; 
Philips-Type Gauge 13/II; 54/II; 
Pirani-Type Gauge 7/1; 52/11; 
Pressure Measurement (Various Methods 

of —) ... 50/II; 
Thermocouple Gauge 53/II; 


Chemistry continued 


17 — METALLURGY — 17 


20 — PUMPS — 20 


21 — GAUGES — 21 


For information published in the first volume under these or other headings see October 1951_issue, 


108 /1; 


58/I; 


19 — SCIENCES (other than the above) — 19 


II — Vacuum Apparatus and Auxiliaries — II 
(For Abstract Nos, 1/11 — 44/II; see January issue) 


6/II; 47/II; 
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Cumulative Subject Index, Vol. II (1952) 
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For information published in the first volume under these or other headings see October 1951 issue. 


Subject 


Abstract No. 


22 — MEASURING PLANT (VACUUM) — 22 


Electron Diffraction 
Electron Microscope 
Mass Spectrometer ... 
Specimen Preparation . 


60/11; 
24/11; 25/11; 58/11; 59/11; 
19/II; 20/11; 21/11; 22/11; 23/11; 61/11; 62/11; 
24/11; 26/II; 27/11; 59/1; 


— MATERIALS — 26 


Carbon and Carbon Products 
Ceramics 

Dry Ice 

Drying 

Mercury 

Rubber 

Waxes 


30/II; 

S1/II; 

66/II; 

29/11; 65/11; 

28/II; 63/11; 64/11; 
30/II; 

67/11; 


28 — APPARATUS COMPONENTS — 28 


Leaks (Controlled —) 
Lubricators ... 

Seals (Other than Shaft — ) 
Seals (Shaft — ) 
Stopcocks 

Traps ... 

Valves (Mechanical — 


68/II; 69/II; 
32/II; 
37/11; 71/1; 
70/11; 
35/II; 
33/II; 34/11; 
36/II; 


29 — MISCELLANEOUS APPARATUS — 29 


Cloud Chamber 

Dust Concentration (Determination of — ) 

Gases (Storage of Liquefied — ) Se 

Pressure Changes (Production of Con- 

Pressure Control x 

Vapour Pressure of Materials (Determina- 
ation of — ) 


72/11; 
73/11; 
75/11; 
44/II; 7 


4/Il; 
39/II; 40/11; 41/11; 42/11; 76/11; 77/11; 78/11; 79/11; 


80/II; 
38/II; 


43/II; 81/11; 82/II; 


III —- Vacuum Processing Techniques — III 
(For Abstract Nos. 1/III — 67/III; see January issue) 


30 — EVAPORATION — 30 


Alkaline Earth Layers 

Alloys (Deposition of —) ... 
Aluminising of T.V. Tubes 
Aluminium ... 
Cleaning Methods 

Contamination of Films 

Crucible Techniques 
Glass (Deposition of Metal on — = = 
Graticules (Manufacture of —) _... 
Metals (Deposition of Common — ) 
Metals (Deposition of Precious — ) 
Metals (Deposition of ‘ Rare ’ — ) 
Multiple-Layer Films 
Oxide Films vs 
Pattern Coating (Methods of —)... 


21/III; 

88/III; 

92/III; 

87/III; 

11/I1II; 

12/III; 

86/III; 87/III; 

13/III; 

10/1II; 95/III; 

3/III; 4/111; 82/111; 89/III; 90/111; 
9/III; 

18/III; 

94/III; 

20/111; 25/111; 26/111; 77/111; 78/III; 
91/III; 
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For information published in the first volume under these or other headings see October 1951 issue. 


Subject Abstract No. 


Evaporation continued 


Photo-Sensitive Layers 15/III; 16/101; 75/1; 76/1II; 
Physics of Evaporation 71/111; 

Plant (Various Designs of — ) 4/III; 6/111; 83/11; 
Plastics (Deposition of Metal on — ) a 4/III; 14/III; 

Properties of Films (Electrical — ) 19/III; 20/111: 

Properties of Films —).. 74/II1; 

Protective Films 78/111; 79/111; 

Reflection Reducing Films ... 8/III; 

Semi- -Transparent Films 93/TII; 

Slits (Production of Small — ) 96/III; 

Sorption of Gases by Films 22/111; 23/I1II; 

Structure of Films ... 72/11; 73/11; 

Thickness of Films (Measurement =o ) 80/III; 81/III; 

Thin Films—General 1/IlI; 68/111; 69/111; 70/11; 


31 — CATHODIC SPUTTERING — 31 


Physics of Sputtering 2. LOU 
Structure of Films ... 102/TII; 
Thin Films—General 27/TII; 97/111; 98/111; 99/111; 100/IIT; 


36 — DRYING — 36 


Cod Liver... AER: 

Concentration of Liquids (Methods) 29/III; 32/1lI; 


37 — METALLURGICAL PROCESSES — 37 


Furnaces and Ovens. 46/III; 48/III; 
Fusion Methods (Vacuum — 47/III; 109/111; 110/111; 111/11; 112/111; 
Melting and Casting 43/III; 44/111; 45/111; 107/111; 108/III; 
‘ Rare’ Metals (Processing of — 37/III; 38/III; 40/111; 41/111; 42/111; 106/III; 


38 — DISTILLATION — 38 


Fractionating 52/111; 115/1IL; 116/111; 117/111; 
Short-Path ... 57/III; 
Spinning Band Column 53/III; 54/111; 55/1; 
Stills (Various types of —) and Auxiliary 
Unobstructed Path . 50/III; 56/III; 
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Contd. 


For information published in the first volume under these or other headings see October 1951 issue. 


Subject 


Abstract No. 


39 — MISCELLANEOUS PROCESSES — 39 


Apertures (The Production of Small — ) 

Heating In Vacuo by Radiation 

Hydrogen Target : 

Refrigeration (Vacuum — by 

Sugar (Processing of — ) 

Thermal Insulation (Vacuum as a " Means 
of — ) 

Tritium Target ‘(Preparation of —) 


64/III; 120/III; 
60/III; 62/IIl; 63/III; 123/III; 124/111: 
66/III; 
65/III; 
122/III: 
125/III: 


67/III; 
121/111; 


IV — Special Subsidiary Subjects — IV 


(For Abstract Nos. 1/IV — 27/IV; see January issue) 


40 — GASES AND VAPOURS — 40 


Conductivity (Electrical — ) 

Conductivity (Thermal — ) 

Density Determination 

Flow 

Helium 

Hydrogen 

Inert Gases 

Isotopic Gases 
Oxygen Determination (Methods ~ 
Permeation 
Sorption of Gases 


5/IV; 6/IV; 
28/IV; 

3/IV; 4/IV; 
32/IV; 33/IV; 


30/IV; 


8/IV; 
8/IV: 9/IV; 10/IV; 


4i —- FREEZE DRYING — 41 


Developments 
Human Milk 

Ice Sublimation 
Various Materials 


13/IV; 14/1V; 15/IV; 34/IV; 
35/IV; 
12/IV; 
36/IV; 


45 — ELECTRONICS — 45 


Charged Particle Accelerators 

Ion Sources ... 

Oxide-Coated Cathodes 

Thermionic Emission sae 
Vacuum Breakdown Phenomena 
Valves (Electronic — ) sae 


16,1IV; 37/IV; 38/IV; 39/IV; 
17/IV; 

20/1V; 21/IV; 22/IV; 23/IV; 
18/IV; 19/IV; 21/IV; 
41/IV; 

25/IV; 26/1V; 27/IV; 42/IV; 


47 — GLASS PROCESSING — 47 


Bonding to Other Materials 


43/1IV; 44/IV; 
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VACUUM 


I — General Science and Engineering — I 


Abstract No. 
and References 


Vacuum Technique for Beginners 


subjects are covered : 


10 — VACUUM ENGINEERING (GENERAL) — to 


United Kingdom. This is an introduction to vacuum technique written for the engineer who wishes to 
familiarise himself with the working principles and operating conditions of vacuum plant. 


Production of Vacua 


Rotary Pumps 


Diffusion Pumps 


Pump Matching 


Gas Flow 


Types of Gas Flow 
Viscous Flow Conductance 
Molecular Flow Conductance 


Choice of Rotary Pump Formulae 


Manometers 
Pirani Gauge 
Philips Ionisation Gauge 


Vacuum Unions 
Shaft Seals 


Example of Calculation of 
Molecular Flow Conductance 
Summary of Conductance 


Vacuum Measurements 


Discharge Tube 
Thermocouple Gauge 
Knudsen Gauge 


Vacuum Components 


Vacuum Flanges 
Vacuum Grease, Wax, etc. 


Conductance 

Combined Viscous and Molecular 
Flow Conductance 

Choice of Diffusion Pump 


McLeod Gauge 
Ionisation Gauge 


Vacuum Valves 


Leak Detection 


Vacuum Tightness 


Sommaire: Rapport sur tous les aspects de la technique du vide a l’avis de |’ Ingenieur chargé des procédés 


sous Vide. 


Symposium on Vacuum Engineering 


authors is given below :— 


Evaporation Habits of Liquids in Vacuum. 
Authors: K. Hickman and D. J. Trevoy. 
Rectification at Reduced Pressures. 
Authors: N. W. Frisch, H. Bliss and A.M. Eshaya. 
A Survey of Gauges for Measurement of Low 
Absolute Gas Pressures. 
Author: R. B. Lawrance 
Outgassing Properties of Materials used in Vacuum 
Systems. 
Author: B. B. Dayton. 
Pressure Drop for High Vacuum Flow of Air 
through Annular Sections. 
Authors: L. A. Bromley and C. R. Alancraig. 
Problems of the Transport of Vapours under 
Residual Gas Pressure below 1 mm. Hg. 
Author: G. W. Oetjen. 
A New Synoptic Presentation of the Characteristics 
of High Vacuum Vapour Pumps. 
Author: B. Lawrance. 
Flash Vaporisation—Analysis of Fluid, Mechanical 
and Mass Transfer Problems. 
Authors: R. R. Hughes, H. D. Evans and 

C. W. Sternling. 


Leak Hunting 


The following 


Report b 
A. H. Turnbull 
A.E.R.E. 
Rep. No. 
G/R 752 
23.8.51 


63/1 


United States. The American Institute of Chemical Engineers held a national meeting at French Lick, Indiana, 
from the 11th to the 14th of May, 1952. The program of the meeting was devoted exclusively to vacuum 
engineering. 17 lectures were presented, abstracts of which are given in the report. A list of the lectures and 


Selection of Vacuum Pumping Systems. 

Author: L. W. Hull. 

Purification of Vacuum Pump Lubricating and 
Sealing Oils. 

Author: F. M. Steele. 

Observations on the Design and Operation of High 
Vacuum Systems. 

Authors: C. K. Stoddard and W. E. Mooz. 
Vacuum Facilities for the Study of Supersonic Flow. 
Author: G. J. Maslach. 

Flow Visualisation in High Vacuums. 

Author: R. G. Folsom. 

Altitude Test Facilities for Aircraft Engine Research 
Authors: B. R. Leonard and J. N. Viven. 

High Vacuum Technique—The Incurred Savings 
when Applied to Concentration. 

Author: £. J. Kelly. 

Multi-Stage Ejectors for High Vacuum. 

Author: V. V. Fondrk. 

Corrosion Problems in Steam Jet Vacuum Equip- 
ment. 

Author: D. H. Jackson. 


Sommaire : Communication d’un rapport sur la Conférence de French Lick (U.S.A.) sur la technique du vide. 


Report by 
L, A. Bromley 
Vacuum, 

2, April 1952 
147-150 


Production of Vacuums 
See Abstract No.: 46/II 
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Comments on ‘ New Trends in Ionisation Phenomena ’ 


United Kingdom. The author comments on the article contributed by Dr. Von Engel in the October issue of 
this journal and surveys the prospects of a profitable application of ion pumps. Referring to conditions in 
charged particle accelerators he states that from a technical point of view the diffusion pump is fully satis- 
factory. The pressures obtainable with that pump are sufficiently low. Therefore, the comparative merits of 
the two pumping systems can only be assessed on economic grounds. A brief discussion of the major features 
of both systems leads to the conclusion that ion pumps have few advantages to offer in the case of large plant 
but may be more profitable in connection with smaller equipment. 


Sommaire: L’auteur étudie les applications possibles de la pompe d’ions. 


t The Design of Glass Vacuum Chambers of Elliptic Cross Sections 
See Abstract No.: 84/I 


The Detection of Air Leaks 


United Kingdom. The passage of any gas or liquid into or out of a sealed container constitutes a leak. The 
tracing of air leaks is of vital importance to the operator of vacuum plant. There are dynamic (continuously 
pumped) vacuum systems and static vacuum apparatus (sealed off after pumping). Generally speaking, in 
t the case of the former the leak rate must not exceed 1/1,000 mm#/second and 1/1,000,000 mm#/second in the 
case of the latter. The detection of leaks by physical examination is extremely laborious and for that reason 
probe techniques have been developed which form the main subject of this article. In order to detect a leak 
in the wall of an evacuated vessel a pressure gauge operating on the thermal conductivity principle and 
possessing a selective sensitivity for various gases is connected to the inside of the vessel. Then, if a gas such 
as hydrogen for instance is caused to penetrate through the leak to the interior, the pressure reading on the 
[ gauge will change. The uses of the palladium-barrier gauge for this work are mentioned. Greatest sensitivity 
{ is obtained by employing the mass spectrometer, an instrument which facilitates the analysis of the gas ia the 
‘ vessel by its mass. In this case helium is ordinarily used as the probe gas. Finally panoramic methods are 
discussed. One of these methods provides for the leaking container to be filled with dry hydrochloric acid 
gas, sealing it and suspending it above a strong ammonia solution. A growth of ammonium chloride crystals 
marks the point, at which the acid gas diffuses through the leak. The effectiveness of these methods is not 
fully explored yet. A table, reproduced below, gives comparative data on the performance of established 
probe-type vacuum leak detectors. 


Detection Limit when Applied to Typical 
Vacuum Container 


{ Method Not Degassed Degassed (Gas 
f (Gas Output Output 
1 mm/sec.) 1/1,000 mm*/sec.) 


Evacuated cup, etc. ... 1/10 mm*/sec. 1/10,000 mm/sec. 
10,000 


1/100.00) 


Conductivity gauge/hydrogen, ether... 1/100 


CO, trap and differential pair of gauges ... 1/1,000 


Palladium barrier gauge 1/1,000 -1/100,0) 
Gas-discharge colour or spectrum 1/10 1/100 (slow response) 
Mass spectrometer 1/100,000 1/10,000,000 


Sommaire: Revue de toutes les méthodes existantes de recherche de fuites dans des récipients évacués. 


Leak Detection Practice with Particular Reference to the Hydrogen-Palladium Method 
See Abstract No. : 78/II ‘ 


Improvements in or Relating to the Getter Protection in High Vacuum Tubes or the Like 


Ttialy. It is important to ensure that the properties of getter materials introduced into vacuum tubes or the 
like remain unaltered during subsequent processing manipulations. It is equally important to make certain 
that the vaporisation of the getter in the tube takes place at precisely the temperature required. In the past 
barium getters, for instance, were filled into small tubes pinched at both ends and mounted on heaters specially 
designed for the purpose. These pinched tubes were not satisfactory as they did not prevent air reaching the 
getter material, as a result of which the barium tended to deteriorate. The present patent describes a method 
of storing and activating the getter by providing cavities in the heater and filling the getter directly into the 


Letter by 


L. Riddiford 
Vacuum 

2, April 1952 
151-152 
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Article by 
C. J. Milner 
The Times 
(Science Suppl.) 
Spring 1952 
4-7 
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same. In order to prevent access of air the getter material is covered with a metal which melts at a 
temperature lower than that of the getter itself, thus giving protection until activation is required. In the 
new arrangement the getter will evaporate at precisely the temperature required. The patent also covers a 
device for filling the getter material into the heater cavities without breaking the vacuum. 


Sommaire : Une nouvelle méthode de déposition de getters au barium dans des tubes a haut vide, est décrite. 


Vacuum Practice in Engineering 

United Kingdom. Prior to the war industrial vacuum techniques were chiefly the concern of thermionic valve 
manufacturers only. Since the war many vacuum processes have been added to the manufacturing activities 
of industry, in particular in the field of atomic physics, metallurgy and dehydration (of food stuff). The author 
gives an account of up-to-date developments in these various fields. He discusses vacuum coating by 


evaporation and sputtering, the production of magnesium by the Pidgeon process, vacuum melting and. 


casting, the refining of metals and the recovery of metals like zinc from brass scrap. He gives details of modern 
machinery used in the valve and cathode ray tube industry and finally mentions large-scale fruit juice con- 
centration as well as freeze drying and molecular distillation for the production of biological and pharmaceutical 


materials. 
Sommaire :- Revue des développements modernes de l'emploi du vide dans les procédés industriels. 


Cathode Sputtering 


See Abstract No : 97/III 


Metallic Coatings by Deposition of Metals from the Vapour Phase 


Germany. All known methods of metallisation are discussed. With the exception of a short reference to 
pyrolitic coating the author deals exclusively with proper vacuum methods. A good vacuum is particularly 
important in the case of coating by evaporation as otherwise vaporised particles of the metal may collide and 
form too large an aggregate on the support during the initial phase of the deposition. Much space is devoted 
to a discussion of the behaviour of rhodium in evaporation processes, a material particularly useful for the 
manufacture of semi-transparent mirrors. Modern evaporation plants have vacuum chambers of a size 600 
x 800 mm. and are usually fitted with pumps which facilitate the evacuation of the chamber to a pressure of 
0.00005mm. Hg in approximately 5 minutes. Aluminium is usually evaporated from (tungsten) filaments 
due to its excellent wetting properties, whereas the other materials are ordinarily evaporated from small boats. 
Finally, the author discusses the coating of plastics and adds remarks on maintenance and cleaning operations 
required to keep up the efficiency of the plant. 


Sommaire : Revue de toutes les méthodes appliquées a la métallisation de piéces métalliques et en plastique. 


Freeze Drying 
See Abstract No. : 34/IV 


Oxide Films on Electrolytically Polished Copper Surfaces 
See Abstract No.: 110/I 


13 — ELECTRICAL SCIENCES — 13 


A New Circuit for an Ionisation Vacuum Gauge 
See Abstract No. : 57/II 


Secondary Electron Emission from Metals Under Positive lon Bombardment in High Extractive Fields 
See Abstract No.: 41/IV 


Interaction of Travelling Magnetic Fields with Ionised Gases 


United Kingdom. The magnetic field associated with an electro-magnetic wave propagated along a conducting 
helix has been used for the acceleration of electrons in the direction of wave propagation. If an ionised gas 
is present in an evacuated toroidal vessel and the wave is propagated in the direction of the axis of the vessel 
an appreciable direct current is readily produced. This is demonstrated by experiments carried out initially 


E. Gabbrielli 
Brit. Pat. 
654,896 
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Article by 
J. Yarwood 
Overseas Engr. 
Jan. 1952 
196-198 
and 
Feb. 1952 
232-234 


Article by 
R. Erdmann 
Metalloberflache 
5, Sept. 1951 
133-1385 
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in a straight glass tube, 60 cm. long and 5 cm. wide, filled with mercury vapour at about 10-*mm. Hg. A 
helix of closely wound copper wire was loaded at intervals with condensers to reduce wave propagation to a 
value of 6 x 10-*cm./sec. The input was supplied from an oscillator capable of delivering an r.f. power of 
3-4 kW. As soon as a ring discharge appeared in the vapour due to the current in the helix, two probes at 
either end of the same indicated a constant difference of potential of 4-5 volts. The experiment was repeated 
using a toroidal vessel. Graphs are shown giving the values of the induced direct current obtained for various 
r.f. input currents with xenon gas at 10-’mm. Hg in the tube. It was found that the value of the direct current 
is unaffected by phase, velocity or frequency, but changes appreciably with changing gas pressure. The 
experiment proves that r.f. power can be converted into d.c. power without the use of a commutator or a non- 
linear circuit element. 

Sommaire: Etude expérimentale de l’interaction de champs magnétiques mobiles avec des gaz ionisés. 


An Effect of Light on Semiconductors: A Variation in the Contact Potential Difference 
France. A method of preparing a highly sensitive CdS layer and operating it im vacuo is described. It is found 
that a formula will describe with sufficient accuracy the variation of the difference of the contact potential 
between a reference metal and a semiconductor when the latter is illuminated and then obscured. This 
difference increases with the ambient temperature. The curves obtained with the semiconductor illuminated 


and then dark are strictly parallel up to saturation point. 
(Science Abstracts) 


Sommaire: L’effet de la lumiére sur des semiconducteurs est étudié par la mesure des différences du potential 
de contact entre un métal de référence et la matiére semi-conductive. 


A New Type of Hydrogen Discharge Tube 

United States. Discharges in hydrogen have attracted much attention in the past partly for the reason of 
studying the spectrum of the gas itself and partly for the reason that a strong and pure continuous spectrum 
can be obtained in the range of 1,650 to 3,500A which can be used as a background for ultra-violet absorption. 
Usually hydrogen discharge tubes are fitted with electrodes, but these lamps have a short life due to uncontroll- 
able clean-up phenomena. The design of an electrodeless hydrogen discharge tube is described which is excited 


by ah.f. generator at a frequency of 2,450 megacycles. The lamp consists of a horizontal quartz tube ending 


in a window of comparatively large dimensions. Joined to it, at a right angle, is a side tube which holds 
uranium turnings for the purpose of storing hydrogen in the form of uranium hydride (UH,). If the molecular 
rather than the atomic spectrum is wanted the horizontal part of the lamp should be lightly silvered. After 
insertion of the uranium turnings hydrogen is filled into the tube at a pressure of a few 100mm. Hg. The tube 
is then degassed, evacuated and filled again with hydrogen to form the hydride (reaction temperature : 250°C). 
After completion of the reaction the side tube is cooled to room temperature and the excess hydrogen pumped 
off. As a final step in these preparations the hydride is decomposed, the hydrogen pumped out and the 
uranium—now in a finally divided state—outgassed. The tube is now ready to receive its operational fill of 
hydrogen. The quantity admitted should be about one half of the quantity, the uranium could absorb. The 
excess uranium serves as a getter for impurities. The spectrum of the hydrogen discharge produced in this tube 
is remarkable for the complete absence of impurity lines. Another advantage of the design is the fact that the 
pressure in the tube can be regulated from a high vacuum (when the uranium is cold) to near atmosphere (when 
the temperature of the uranium is about 400°C). Once equilibrium is attained the pressure of the gas remains 
constant at any given temperature. 

Sommaire: Une lampe a décharge a hydrogéne a ¢té construite, laquelle contient de l’uranium, en vue de 
conserver l’hydrogéne sous forme d’hydrure d’uranium. La décharge est engendrée par un générateur haute 
fréquence de 2,000 mégacycles ou plus. 


Heat Transmitting Mirrors 
United States. The heat produced by filament or arc lamps presents serious difficulties, in particular, where the 
lamps are used in a housing, e.g. projection apparatus. The application of ‘ Cold Light’ (the flourescent lamp) 
is impracticable for the reason of its low brightness. Various ways of eliminating the heat generated in 
projection apparatus have been proposed, notably the provision of a heat reflecting mirror obtained 
by evaporating a thin gold film onto a glass plate. he transmission of these mirrors is confined to the green 
region of the spectrum and, therefore, is not sufficiently effective but the principle of interference in thin films 
applied to give good light reflection in the visible region and high radiation transmission in the infra-red region 
appears to offer greater prospects of success. Dichroic mirrors manufactured by evaporating alternate layers 
of two transparent dielectric materials onto glass can be made to reflect as much as 95% of the light of one 
colour and at the same time transmit 90% of the light of another. The authors deposited several sets of 
dichroic films on a glass plate, the peak reflection of each set occurring at a different wavelength. The films 
were tested by exposing them to an arc and a tungsten lamp. The arc lamp, operating at a colour temperature 
of 5,500°K, radiated 35% of its energy in the visible and 65% in the invisible region. The authors found that 
two thirds of the radiation emitted in the infra-red were transmitted and no more than 10% of visible light 


Note by 
P. C. Thoneman, 
W. T. Cowhig & 
P. A. Davenport 
Nature 
169, 5.1.52 
34-35 


Article by 
W. Veith & 
G. Wlerick 
C. R. Acad. Set. 
Paris 
233, 5.11.51 
1097-2000 


T9/1 


Article by 
G. H. Dieke & 
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was absorbed by the films. In the case of the tungsten lamp, operating at a colour temperature of 3,000°K 


and radiating 85% of its energy in the infra-red, 88% of the heat radiation was removed by the mirror. Finally, 
recommendations are made on the design of projection equipment embodying heat-transmitting mirrors of 
the type described. 

Sommaire : Des matériaux produits par évaporation sous vide, transmettants la chaleur (infra-rouge), qui sont 
particuliérement utiles, par rapport a la construction de boitiers pour lampes de projection de grande intensité. 


Aluminium-Backed Screens for Cathode Ray Tubes 

United Kingdom. In the early days of television electrostatic cathode ray tubes were employed in receiver 
sets. Certain limitations to performance inherent in the structure of these tubes led to the evolution of the 
all-magnetic type of tube now generally in use. With the advent of the all-magnetic tube, the ion burn blemish 
became apparent. All efforts to overcome this defect were unsuccessful until the aluminium-backed phos- 
phorous layer was introduced. Details are given of the method of manufacturing the aluminium layer and 
keeping its thickness under control (see Vol. 1 No. 4 Abstract 142/III). The aluminium-backed screen benefits 
the performance of the tube in more ways than one. For example, several makes of American television tubes 
are fitted with a filter in front of the screen for the purpose of absorbing the light coming from the room and, 
thus improving the contrast of the picture. Inevitably some of the light emitted from the phosphorous layer 
is absorbed, too, by the filter, but no loss of picture definition will result, if the screen is backed by an aluminium 
film. Finally, the presence of an aluminium film facilitates the maintenance of an uniform potential across the 
screen and thus prevents distortion of the raster. Any object, (e.g. the tube support) in contact with the 
envelope can produce such distortion as T.V. tubes are made from high-conductivity glass for production 


reasons. 
Sommaire: Revue des buts et avantages des tubes cathodiques utilisés en télévision, recouverts, sur leur face 


antérieure, d’aluminium., 


Thermistors for Cryoscopy of Air-Sensitive Materials 

United States. In connection with certain experiments it was necessary to determine the purity of samples 
of pentaborane by the depression of the freezing point. The pentaborane samples were taken in the form of 
‘cuts’ from a fractional distillation process carried out at reduced pressure and it was essential that the material 
was not exposed to the atmosphere prior or during the test. The device specially developed for the purpose 
could be used in a temperature range of + 25°C to-60°C. The temperature-sensitive element was a thermistor. 
The advantages offered by using thermistors instead of conventional platinum-resistance thermometers are 
discussed in detail. The temperature indication was accurate to +0.004°C. The freezing point cell used was 
similar in design to that proposed by Newkirk. It was jacketed and the space between the walls evacuated 
but not silvered. A stirrer was provided actuated by a solenoid positioned outside the cell. For the purpose of 
admitting the test samples the cell was sealed directly to the vacuum system of the distillation column. A 
block diagram is given of the electrical circuit facilitating the temperature reading. The procedure employed 
for the calibration of the instrument is described. 

Sommaire : Aux fins de déterminer la pureté de la pentaborane par la dépression du point de congélation, un 
appareil d essai a été élaboré ott intervient le thermisteur comme élément sensitif de température, et qui opére 


dans le vide. 


14 — MECHANICAL SCIENCES — 14 


Vacuum System of the Birmingham Proton Synchrotron 
See Abstract No.: 49/II 


The Design of Glass Vacuum Chambers of Elliptic Cross Sections 


United Kingdom. Toroidal vacuum chambers made from glass elliptic in cross section are an integral part of 
charged particle accelerators such as betatrons and synchrotrons. The assessment of adequate dimensions for 
the wall thickness of such chambers is a new and difficult engineering problem. If the wall is too thin the 
chamber might collapse and if the wall is too thick the performance of the apparatus may be adversely affected. 
In the first instance the author investigates the stresses occurring in a straight cylinder of elliptic section and 
infinite length. Under the action of external pressure the shape of the section tends to change to an ellipse 
of greater excentricity. There are bending and crushing stresses. Assuming linear stress distribution the 
author shows that the critical stress affecting the design is the tensile stress at the outer surface of the wall 
on the major diameter. On the inner surface of the wall on the same radius compressive stress occurs but in 
practice failure of glass ware is invariably due to tensile rather than compressive stresses. The actual tensile 
strength of massive glass lies between 4 and 7 Kg/sq.mm. For safety reasons a figure of 1 Kg/sq.mm. should 
be employed in all calculations. Having clarified the conditions obtaining in the case of linear stress distribu- 
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tion the author adjusts the results he arrived at, to meet the case of hyperbolic stress distribution as applicable 
to vacuum chambers of toroidal shape and, finally gives a graph showing the permissible minimum wall 
thicknesses of glass tubes with elliptic section for various ratios of minor to major diameter, see below :— 


7 


6 


1OOw 


D=major-diameter 
d=minor diameter 

3 w= wall thickness (min) 

Design Stress: | Kg Anm® (tensile) 

2 /Applied Pressure: | atmosphere (external) 

Factor of Safety:- 


Sommaire: Les facteurs de construction déterminant la section et l’épaisseur des parois de chambres a vide 
en verre goroidales, du type employé pour les accélérateurs de particules, sont discutés. 


The Study of Condensation Performance of Molecular Rays with the Help of Radio-Activated Materials 


See Abstract No. : 71/III 


Oriented Deposits on Crystalline Substrates 
See Abstract No. : 72/III 


Proceedings of the 36th Annual Meeting of the Optical Society of America 
United States. The annual meeting of the Optical Society of America was held in Chicago on October 23, 24 
and 25, 1951. 68 lectures were presented to the meeting, abstracts of which are given in the report. The 


following papers are of special interest to the vacuum worker. 


The Three-Beam Interferometry. 
Authors: M. Bottema and F. Zernike. 
Dispersion of Evaporated Films of MgF,. 
Author: L. G. Schulz. 


Photoconductivity in Vacuum-Coated Selenium 


Films. 
Author: P. H. Keck. 


Sommaire : Rapport sur la derniére Assemblée Annuelle de l’American Optical Society, donnant des extraits de 


tous les travaux d’étude lus a cette assemblée. 


United Kingdom. 


15 — PHYSICS — 15 


Optical Properties of Tellurium in the Infra-Red 
In order to establish the optical properties of tellurium in the infra-red, tellurium films 
were produced by the vacuum evaporation method. The refractive index was determined by the measurement 
of interference fringes in accordance with the reflection method covering the range of 3-11 p. Below 3 uw the 
fringes were too weak to facilitate measurement by this method. The refractive index was found to be 4.8, an 
exceptionally high value. The absorption constants were determined by the transmission method for films of 
a thickness from 0.26 1 to3y. At 1 the absorption constant was 2 x 105cm. The main part of the absorp- 
tion band was found to lie between 0.6 and 1.0 u. Measurements on bulk tellurium indicated the presence of 
an absorption edge in the region of 3 4 — 3.5 4 which coincides approximately with the ‘ threshold ’ wavelength 


of the photo-conductivity effect of this material. 
Sommaire : Exposé des recherches effectuées sur les propriétés optiques du Tellure dan |’ Infra-Rouge. 


Titanium Dioxide Films as Selenium Reflectors of 
the Near Infra-Red. 

Authors: F. J. Studer and D. A. Cusano. 

The Effect of Anti-Reflection Films on Colour in 
Optical Instruments. II. 

Author: 4A. E. Murray. 


Article by 
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Report by 
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The Investigation of Thin Absorbing Films with the Help of the Absolute Phase 


Germany. <A discussion of absorbing films whose thickness is small compared with the wavelength of light is 
given, based on earlier methods. It is possible to derive unambiguously the optical thickness. By comparing 
the mass thickness a packing factor is derived. The anomalies in the optical constants remain unexplained 
if it be assumed as formerly that the film is a volume distribution of spherical particles. On the other hand 
theory and experiment are in agreement if the structure is taken to be that of a surface distribution of rotation 
ellipsoids. 

(Science Abstracts) 


Sommaire: Méthode de mesure de |’épaisseur optique de films absorbants dont l’épaisseur est faible par 


rapport a la longueur d’onde de la lumiere incidente. 


An Interferometric Method for the Determination of the Absorption Coefficients of Metals with Results for 
Silver and Aluminium 

United States. Ordinarily the optical constants of metals are determined by methods based on the polarised 
light method originally proposed by Drude. It has been observed however that various investigators have 
obtained somewhat different results. It was desirable therefore to redetermine the optical constants of some 
of the metals, in particular, those which are widely used in the optical field like silver and aluminium. The 
author describes an interferometric method where use is made of the relation of optical constants to phase 
effects. The metal studied is incorporated in the interference filter as the reflecting element. From the 
optical thickness of the dielectric, between the reflecting layers and the wavelength of the transmitted light, 
the phase change can be determined. Having established the value for the phase change the absorption co- 
efficient can be calculated. In the case of silver Ag-MgF,-Ag filters were used produced by vacuum evaporation. 
The absorption coefficient at 5,890A was found to be 3.69. In the case of aluminium a ‘ double filter ’ was 
used with a common dielectric. The manufacture of the ‘ double filter’ required a special experimental 
arrangement, details of which are given. Values of the absorption coefficients for aluminium are shown in 
tabular form. It was found that the dispersion of evaporated MgF, varied with the thickness. Finally, the 
author reports on investigations concerning the behaviour of the films on exposure to air. In the case of silver 
he could not detect any deterioration, if exposed to dry air but in an atmosphere of relative humidity exceeding 
70%, AgCl formed at a rate of 2 A per day. In the case of aluminium the oxide layers reached a thickness 
of 50 A in 50 hours. The aluminium used for the experiment was of a purity of 99.99%% and the silver of a 
purity of 99.99,. Actual deposition of each layer took 10 seconds and was carried out at a pressure of 10-4mm. 
Hg. It was observed that the properties of thin layers of silver and aluminium largely depended on the 
conditions under which evaporation was carried out, whereas thicker films were of a more stable quality and 
retained their optical properties for a long period. 


Sommaive: On a élaboré une méthode interférométrique pour la détermination des constantes optiques. 
Résultats de la méme méthode appliquée a l’argent et a l’aluminium. 


Properties of Films of Non-Metallic Antimony 


United Kingdom. In view of the results of previous investigations into the photo-conductive properties of a 
number of elements it could be explained that a semi-conducting form of antimony exists which exhibits 
photo-conductivity in the 8 » region of the spectrum. The author made experiments in order to verify this 
assumption and successfully produced semiconducting antimony layers by evaporation in vacuo onto substrates 
heated to a temperature of 195°K and 90°kK. The layers obtained changed irreversibly to the metallic form at 
temperatures near 0°C. Typical results for a layer temperature of 195°K are given in a graph and show a 
marked rise of sensitivity in the 4-9 w region. Beyond 9 y the sensitivity was relatively constant. 


Sommaire : En se basant sur des expériences avec d’autres éléments il a été conclu qu’une forme semi-conductive 
d’antimoine existe, laquelle devrait étre photo-conductive dans la région de 8». L’on décrit des essais confirm- 
ant cette hypothése. 


An Effect of Light on Semiconductors: A Variation in the Contact Potential Difference 
See Abstract No. : 78/I 


A Monochromator for the Vacuum Ultra-Violet 


United States. The design of an automatic vacuum monochromator is described which, thanks to recent 
advances in vacuum pump performance facilitates greater accuracy of measurement than obtainable with 
older designs. The instrument covers a range of 500-2,000 A and employs a concave grating (radius of curvature 
= 1m.). A sketch giving a diagram of the instrument shows the entrance slit, exit slit and the grating 
positioned on the Rowland circle. The grating can be moved on the circle by an arm pivotting around its 
centre. The entrance and the exit slits are 12 inches apart. The diaphragm system is designed to trap the 
central image completely and as much of the spectra of other wavelengths as possible. The instrument is 
supported by vertical steel plates fixed to an iron table. The vacuum housing is 20 inches diameter and 40 
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inches long and covers the grating table. The pivotting arm is driven by a motor outside the vacuum chamber. 
Scanning speeds of 500, 100 and 20 A per minute are provided. The wave-length is read on a Veeder counter 
which is coupled to the shaft of the magnetic drive inside the chamber and can be viewed through an observa- 
tion window. The slits are mounted on turrets of 2} inch diameter. To minimise gas leakage into the chamber 
the turrets are so designed, that the only path for the gas flow is through the slit itself. A vacuum valve is 
- fitted between the exit slit and the spectrograph facilitating work on the equipment without breaking the 
vacuum in the chamber. The pumping unit consists of a 6-inch oil diffusion pump coupled with a mechanical 
fore pump. A pressure of 0.1 1 Hg can be obtained in 5 minutes. The lowest pressure obtainable is 0.03 u Hg. 
In spite of leakage through the entrance slit (1 cm. 0.1 mm.) the pressure in the chamber can be held stable 


at about | » Hg. 
Sommaire: Details d’un monochromateur a commande automatique, sous vide, construit pour faire des 
mesures dans la région de 500-2,000 A. 


Making Diffraction Gratings 

United Kingdom. A diffraction grating consists of some 15,000-30, 000 grooves to the inch. All of these must 

be straight, parallel to each other and separated from one another by a perfectly constant distance. The 

manufacture of such gratings presents a most difficult problem. The traditional method established by 

O Rowland employed planning or shaping machines, which involves the necessity of reciprocating the diameter 

or the plate. This restricts the degree of accuracy obtainable. In 1948 Sir Thomas Merton proposed a funda- 

mentally different principle of manufacture, 7.e., ruling the gratings upon cylinders. The new method consists 

. of three major operations described in Abstract 28/I. In the beginning here, too, a number of difficulties were 

, encountered which had to be overcome to make the method a success. For instance, periodic errors occurring 

in the helix had to be eliminated. This was effected eventually by using an elastic nut. The latter acts asa 

guiding nut pressed against the cylinder by means of a counterweight and is lined with strips of soft material 

such as cork. The occurrence of progressive errors, ?.e., gradual changes in the pitch of the helix, was stopped 

by the use of a corrector bar. One difficulty, however, still remains. It is desirable to produce grooves, the 

two sides of which are at proper right angles to each other. The ductility of the material from which the 

grating is made plays an important part in this connection. For instance, substituting a gold plated cylinder 

for aluminium bronze resulted in greatly improved shapes of the grooves. Further experiments on this problem 

are still in progress and concerned with the behaviour in this respect of coatings of soft metals like lead and 
indium deposited by vacuum evaporation. 

Sommaire: Discussion de la méthode de Sir Thomas Merton pour la production de résaux de diffraction et 

description de certaines difficultées rencontrées en opérant selon cette méthode. 


The Velocity of Sound at Reduced Pressures 
United States. A summary is given of a paper by Abbey and Barlow which describes measurements on the 
sound velocity in gases at 1 kc/s at pressures between atmospheric and several mm.Hg. An accoustic feedback 
method was used from a dynamic speaker at one end of a tube containing the gas to a moveable crystal 
microphone at the other end. Results are given for air, N,, CO,, O, and CHy. 


(Science Abstracts) 


Sommaire : On a mesuré la vélocité du son dans le vide de l’ordre de quelques mm. Hg. 


The Diffusion Cloud Chamber 

United Kingdom. The cloud chamber designed by C. T. R. Wilson operates by the expansion principle, ?.e., 
supersaturation is obtained by the sudden expansion of a saturated gas. Normally supersaturation lasts about 
1/5 of asecond. During the last few years much thought has been given to the development of a cloud chamber 
which would be suitable for continuous operation. This produced the idea of a diffusion cloud chamber 
where supersaturation is achieved by diffusion of a vapour from a hot to a cold surface through an inert 
gas. Details of an experimental chamber of this type are given in this article. The bottom of the chamber 
consists of a brass plate, the walls of the chamber of three glass cylinders 9 inches diameter and 2 inches 
high and the top of a brass plate with an observation window. Fitted to the under side of the latter is the 
vapour source. The bottom of the chamber is cooled by a block of dry ice. The diffusing medium is methyl 
alcohol. 10 minutes after switching on, a dense cloud forms near the bottom of the chamber due to condensa- 
tion on dust particles. After removal of the dust fresh drops form near the bottom, this time as a result of 
condensation on ions. After about 1 hour steady conditions develop in a volume some 2 inches high at the 
{ bottom of the chamber and tracks due to cosmic rays or radio-active contamination can be seen to form 
continuously. However, these tracks are faint and somewhat obscured by a cloud of background drops which 


are originated by ions diffusing from the insensitive upper region to the sensitive lower region of the chamber. 

In order to eliminate these background effects an electrical field is applied between the top and the bottom 

plate of the chamber, pulling down all the ions of one sign which have accumulated to a density of equilibrium 

value at the top and causing them to fall out at the bottom. This affects the performance of the chamber as 

I a whole but after a few seconds supersaturation is recovered. After switching off the electrical field the 
chamber is in an excellent working condition for a period of several minutes. 


i Sommaire: Détails d’une chambre a nuée expérimentale fonctionnant selon le principe de diffusion, a l’instar 
des systémes usuels fonctionnant sur le principe de l’expansion. 
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Heat Transfer from Wires to Gases at Sub-Atmospheric Pressures under Natural Convection Conditions 


United States. The investigation reported here is based on work published previously by Elenbaas who presented 
equations for the calculation of heat transfer rates from cylinders to gases under pre-convection conditions. 
These equations, however, are not immediately applicable to sub-atmospheric conditions. In developing the 
equations it was assumed that heat transfer is effective by radial conduction through a film of gas surrounding 
the cylinder. The gas was assumed to have the same temperature as the solid at the gas-solid interface. This 
is correct only for comparatively high pressures with a short mean free path of gas molecules and an interchange 
of energy due to frequent collisions. As the pressure decreases collisions become less frequent and the mole- 
cules hitting the solid have not achieved heat equilibrium beforehand. As a result temperature discontinuity 
develops at the gas-solid interface which should be accounted for by the mathematical expression interpreting 
the conditions applicable in the case. The authors developed a general conduction equation which facilitates 
accurate prediction of heat transfer rates as confirmed by measurements. In applying this expression to free 
convection the ‘ heat transfer coefficient ’ is introduced which is defined in terms of the dimensionless groups, 
Gr, Pr and (covering the case of vertically positioned wires) by the expression ‘ wire diameter: height of 
cylinder ’. The values of the heat transfer coefficient have been established by experiment for a given pressure 
range and are given in a table which is reproduced below : 

Table 2. Heat Transfer Coefficients for Horizontal Wires to Gases Under Natural 
Convection Conditions at Sub-Atmospheric Pressures 
Wire temperature — 65°C 
Gas temperature — 25°C (5.5 in. from wire) 
h — Btu per hr/(sq. ft./°F temp. diff.) 

Wire Diameter, in. 
Gas Pressure 0.00276 a 0.00988 0.00276 0.00988: 
mm. Hg. air helium helium 


8 
6.3 
7 
6 
0 
8 


Sommaire: Recherches sur le transport de chaleur de fils 4 gaz, aux pressions subatmosphériques, sous des 
conditions naturelles de convection. 


Thermistors for Cryoscopy of Air-Sensitive Materials 
See Abstract No.: 82/I 


16 — CHEMISTRY — 16 


Dextran Manufacture 


United Kingdom. Dextran, a carbohydrate, has become well known as a blood plasma substitute. Its 
discovery dates back to investigations by Pasteur on the phenomenon of ‘ ropy’ sugar. In 1874 Scheibler 
succeeded in analysing its composition (C,H,)O;). Dextran is a polysaccharide. In its native state a dextran 
chain is composed of about 200,000 glucose units corresponding to a molecular weight of about 40,000,000. 
The main difficulty in producing dextran is that of reducing the molecular weight to a size suitable for human 
use. Dextran is the product of bacterial action, the organism responsible being Leuconostoc mesenteroides. 
Details of the production of dextran are given which essentially consists in the propagation of cultures of 
L. mesenteroides on a medium containing agar, yeast extract, peptone, sugar and salts of potassium biphos- 
phates. The final fermentation process is carried out in stainless steel vessels of a capacity of about 1,000 
gallon each.” Depolymerisation, the process of reducing the molecule size, follows. Various methods are 
mentioned; one, a more recent development, employs ultrasonic energy for the purpose. After completion of 
this process the molecular weight of the material varies from 1,000,000 to about 10,000. Repeated fractional 
precipitation is then applied to reduce the molecular weight still further. Finally the dextran is purified by 
precipitation with acetone. The gum obtained is dissolved in water and the water and acetone removed in a 
vacuum concentration process. Dextran is sold as a 6% solution in water with an addition of purified salt. 
The present output of the factory, mentioned in the article, is approximately 25,000 half-litre bottles per month 


Sommaire: Détails sur la.production du dernier substitut au plasma sanguin. 
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The Processing of Fish Livers on Board of Fishing Vessels 
See Abstract No.: 104/III 


Low-Cost Still Makes Colour-Stable Fatty Acids 101/1 
See Abstract No.: 118/III 


Gelatine and Glue Research 


United Kingdom. The article reviews the forthcoming activities of the newly formed research laboratories 
of the British Gelatine and Glue Research Association, which were opened in November 1951. The majority 
of manufacturers in that field cannot afford to maintain laboratories beyond a certain size and in view of the 
complex nature of the materials in question and the large variety of their applications, it was found desirable 
to explore methodically manufacturing and testing methods in that industry as well as the potential uses of its 
products. During the early stages of their work the laboratories will mainly concentrate on the study of gelatine 
as this is a purer material than glue and it is easier to exclude unknown factors when drawing conclusions from 
experiments. Drying gelatine by applying heat involves the risk of deterioration. For this reason a freeze 
drying plant has been installed which will facilitate the production of gelatine of highest purity as is required 


for certain scientific purposes. —_— by 

Sommaire : L’Association Britannique de Recherches pour les Gelatines et Colles a fondée un laboratoire pour Mfg. Chem. 
l’étude de méthodes de fabrication, de procédés d’essais et la recherche en général. La lyophilisation est 23, Feb. 1952 


appliquée en particulier a la préparation de gelatine pure. 60-62 


Drying of Bulk Products 103/1 
See Abstract No. : 103/IIT 


A Sensitive Method for the Detection of Traces of Water in Oil 


United Kingdom. In cases where electrical components are immersed in oil (transformers, for instance) water 
in oil even if present in minute quantities only, may reduce the insulation properties of the oil below the required 
standard. The author describes an instrument, the humidiscope, for the measurement of the water content of 
oil, which is based on the principle that perfectly dry air surrounding wet oil will take up moisture from the 
latter until the partial relative humidity of the air at a given temperature is the same as the volume concentra- 
tion of the water in the oil. The instrument consists of a metal tube, 1 inch wide and 4 inches long, which is 
divided into an upper and lower chamber by a pipe clay diaphragm. The upper chamber contains absolutely 
dry air. The air in the lower chamber is dried by a dessicant placed in a drying pit fitted to the instrument 
until an oil manometer connected to both chambers gives a zero reading indicating zero relative humidity. 
The bottom chamber is then placed over a pit filled with the oil to be tested. As the moisture from the oil is Note by 

diffusing into the lower chamber of the instrument the relative humidity can be determined by pressure | J. E. ©. Stringer 
measurements and the absolute moisture content of the oil calculated. Nature 


Sommaire: Description d’un appareil récemment dévéloppé pour la détection de traces d’eau dans Vhuile. 412 


Vapour-Liquid Equilibria at Sub-Atmospheric Pressures 105/1 
See Abstract No.: 119/III 


17 — METALLURGY — 17 


Metallurgical Research and Development in 1951. Rarer Metals 106/1 


United Kingdom. The developments during 1951 are reviewed. It is stated that the quantities of titanium, 
zirconium and molybdenum, made available during 1951, were still inadequate and the prices still high. 
However, production facilities are continuously expanding. For instance, the Titanium Metal Corporation 
plans to produce 3,000 tons of titanium in the wartime magnesium plant in Nevada during 1953. In this 
country, Imperial Chemical Industries have started producing ductile titanium on a pilot plant scale. In 
Australia, ductile titanium is produced by a modified Kroll method in small quantities but at the same time 
experiments are carried out with an electrolytical method for the production of titanium. Zirconium is 


produced in commercial quantities by the Foote Mineral Co., in the U.S.A. and by Murex Ltd., in the U.K. Note by 
The use of palladium as a substitute for platinum is being investigated. Anon. 
Sommaire: Notes sur les développements en 1951 concernant la production du titanium, zirconium et Engineer 
113, 18.1.52 
molybdéne. 91-93 
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Vapour Deposition of Metals on Ceramic Particles 

United States. In order to improve the physical properties of metal-ceramic materials used for high temperature 
work it was suggested to provide for a uniform distribution of the metal around each ceramic grain before 
sintering. To effect this it was proposed to employ the method of vapour deposition of metals from their 
volatile compounds. The experiments reported in this article are concerned with the deposition of molybdenum, 
iron and nickel on silica sand, silicon carbide and titanium carbide. Details of the equipment used are given. 
For the purpose of depositing molybdenum a mixture of molybdenum pentachloride vapour and hydrogen gas 
was produced by passing hydrogen gas over solid molydbenum pentachloride in an evaporator at 200°C. In 
an attempt to prevent sintering the charge was kept in constant movement by the flow of hydrogen gas. The 
coating of relatively coarse silica sand grains was successful but the coating of -325 mesh grains was not 
satisfactory, mainly due to the large size distribution of the particles in that range. Iron was deposited in a 
similar way by reducing ferric chloride vapour with hydrogen. Here difficulties were experienced at temperatures 
near 650°C as the iron tended to sinter prematurely. It appeared that sintering was a major difficulty inherent 
in this process and it was considered preferable, therefore, to use the decomposition of volatile carbonyls 
occurring at much lower temperatures for the deposition of the lower melting metals. This method was applied 
for the deposition of nickel and plating carried out at a temperature of 235°C. Grains of silica, alumina and 
silicon carbide were successfully coated with nickel in this manner but in the case of titanium carbide it was 
noticed that the decomposition of carbonyl did not only result in the formation of metallic nickel and carbon 
monoxide, but also in the production of carbon, a phenomenon which cannot be readily explained. 


Sommaire: Description de la métallisation de poudres céramiques, par déposition en partant de la phase 


gaseuse. 


Cast Molybdenum of High Purity 
United States. The effect of impurities on the bend ductility of cast Mo is reported. High-purity Mo was 
prepared by remelting under high vacuum. The ductility of ‘ transverse-grain’ specimens indicated that 


intergranular brittleness decreased with an increase in purity of the metal. 
( Nuclear Science Abstracts) 


Sommaire ; Discussion des propriétés du molybdéne de haute pureté, préparé par re-fusion sous vide. 


An Early Method of Vacuum-Melting Tantalum 
See Abstract No. : 108/III 


Oxide Films on Electrolytically Polished Copper Surfaces 


United Kingdom. Clean and perfectly smooth surfaces are required for investigations into the oxydation of 
metals. Mechanical polishing will not prevent contamination of the surface by the polishing materials. 
Electrolytic polishing is more satisfactory but opinion is divided whether oxide films are formed in the process. 
In an endeavour to clarify the situation the authors studied the behaviour of copper. Details of the experi- 
mental procedure and equipment are given. Copper specimens of 99.96% purity were used with a known 
oxygen content of 0.03%. Special care was taken that no oxygen evolution took place during the actual 
process of polishing. The specimens were removed from the bath whilst the current was still on and sub- 
sequently washed by two different methods: (1) employing among others a solution of 10% phosphoric acid 
and (2) omitting the use of phosphoric acid. The formation of oxides, i.e., the thickness of oxide films was 
determined by the electrometric method. This method provides for the measurement of the end point of the 
cathodic reduction of the oxide film by noting the changes in potential of the specimen as the reduction proceeds. 
For the qualitative determination of the presence of oxide films the specimens were examined in an electron 
diffraction camera. Tests in accordance with the electrometric method involve the destruction of the oxide 
film. Therefore, examinations in the electron diffraction camera had to be carried out prior to the electro- 
metric test. The experiments were carried out in vacuum to prevent progressive oxydation whilst the specimen 
was under test. The authors established that specimens washed in a solution of 10% phosphoric acid possessed 
an oxide film not thicker than 6.5A when examined in the electron diffraction camera. If exposed to dry air 
for half-an-hour the thickness of the layer grew to 15A and if exposed to the atmosphere for 20 hours to a 
value of 20-25A. Specimens washed in accordance with method (2) showed irregular thicknesses which could 
not be reproduced and indicated the presence of a layer of a basic copper phosphate, the detailed composition 
of which was not analysed. An oxide film of 6.5A on specimens washed as per method (1) can be attributed 
to the fact that it required 4-5 minutes to evacuate the diffraction camera to 10-*mm. Hg. The experiments 
lead to the conclusion that electrolytically polished surfaces are smooth and can be assumed to be void of all 
oxygen provided they are kept free from all phosphate contamination. 

Sommaire: La structure de surfaces polies électrolytiquement a été étudiée, avec le but particulier d’assurer 
la formation de films d’oxyde. 
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Thin Films 
See Abstract No. : 68/III 
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20 — PUMPS — 20 


Comments on ‘ New Trends in Ionisation Phenomena ’ 
See Abstract No. : 65/I 


Production of Vacuums 

United States. It is proposed to employ the principle of radio-activity for the production of extremely low 

pressures in sealed vessels. A number of gases such as nitrogen, argon and chlorine are known to be suitable 

for the purpose. Bombardment by high-speed particles renders these gases radio-active for a reasonable 

riod. As a result of the disintegration taking place during this period a non-disintegrating solid is formed 

in the vessel. The vapour pressure of the latter and that of the material of the walls are the only factors which 

limit the ultimate pressure obtainable. Various practical ways of applying this principle are suggested. In 

one method a conventional pumping system is used to exhaust the vessel to a predetermined low pressure. 

Then, a charge of radio-active gases is introduced diluting the residual gases present. Pumping is resumed 

and this cycle of operations repeated until the ultimate obtainable by the conventional pumping means has 

O been reached. The vessel is then sealed and further reduction of pressure effected by the disintegration of 

the residual radio-active gases. It is suggested to use electrical means or a method of calculation for the 
determination of the pressure in the vessel, when disintegration has ceased. 


Sommaire : Méthode pour obtenir de trés basses pressions dans un récipient en utilisant des substances radio- 
actives. 


Vacuum Diffusion Pump Employing Glycerol 


United States. A diffusion pump operating on anhydrated glycerol instead of Hg or the usual special oils is 
described which operates in the vacuum range 0.1—0.0001 mm. Hg. Higher vacuums are obtained because 
of the properties of the pumping fluid. Methods for obtaining a liquid seal and drying the glycerol are described, 
A diagram of the apparatus is given. 


(Chemical Abstracts) 


Sommaire : Ou l’on propose l’emploi de la glycérine anhydratée comme fluide de pompage pour des pompes 
a diffusion. 


Research Into the Performance of Water Jet Pumps 
France. The working principle of the water jet pump has been studied. The entrainment action of the pump 
is unsteady as long as air is actually exhausted but it becomes steady when exhaustion comes to an end. 
Calculations of the pumping speed show clearly that the surface tension and free surface area of the entrained 
gas have both an equally important bearing on the performance of the pump. This is confirmed by experiment. 
The ultimate pressure obtainable by a water jet pump is not changed if the venturi tube is replaced by a simple 
nozzle of a suitable sectional size. 


Sommaire : Etude théorique des principes de fonctionnement de trompes a eau. 


The Vacuum System of the Birmingham Proton Synchrotron 
United Kingdom. Details are given of the vacuum system of the Birmingham 1.3 x 


eV proton syn- 
chrotron. A vacuum of 1 x 10-*mm. Hg air equivalent is required for certainty in operation. Gas scattering 
phenomena have a strong influence on the vacuum requirements of such apparatus but the respective theories 
were not known at the time, thus the dimensions of the vacuum box were decided upon in the light of experience 
with smaller machines. The ring-shaped vacuum box has a diameter of 30 ft. and a sectional area of 40 x 10 


cm. available as usable space. Chemical stoneware was originally proposed as a structural material for the 
chamber but the porosity of this material is troublesome. A supplier succeeded in slip-casting bodies in 
electrical porcelain and now the production of a complete ring from this material is in progress. The chamber 
is made up from 60 sections. The pumping plant consists of 5 manifolds, each one at the top of five pumps 

- serving three sections of the chamber and linking up with 12 ports. The fore vacuum is provided by five 
rotary pumps connected through a 6-inch pipe and metal bellows to a 4-inch copper line running around the 
magnet near floor level. Eight ionisation gauges of the hot tungsten-filament type are placed in suitable 
positions around the ring to facilitate pressure measurement and the location of major leaks. The maximum 
leak rate permissible per section is less than 0.2 litre per second at 10*mm. Hg. Finally, the composition of 
the residual gases at ultimate pressures is considered. The discussion leads to the definition of vacuum 
requirements in terms of ‘mm. Hg air equivalent ’ which takes into account the partial pressure of oil vapours 
present in the system at the pressure level considered. 


Sommaire : Détails de l’équipement de vide nécessité par le synchrotron protonique de Birmingham. 
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21 — GAUGES — 21 


The Measurement of Pressures Below 10-’mm. Hg by Means of a Manometer of the Absorption Type 


Germany. Allinstruments available for the measurement of low pressures are known to be unreliable in pressure 
ranges below 10-*mm. Hg. For certain applications, however, lower pressures are required. For instance, the 
production of very clean surfaces and the study of their properties is only successful if carried out at a pressure 
level of 108mm. Hg. It has been suggested some time ago to assess a vacuum of that order by observing the 
variations of the work function of a clean surface by photo-electric means (Fowler method). The present 
paper reports on an application of this method. The experiments were carried out in a vessel fitted with two 
electrodes. The cathode consisted of a tungsten strip and the work function of this strip could be 
determined photo-electrically. Observations were taken through a specially sealed-in window. The vessel 
was evacuated by 2 pumping units, each comprising a three-stage fractionating oil diffusion pump and a 
mechanical fore pump. A getter chamber and 3 cooling traps were placed in the line connecting the experi- 
mental vessel with the pumps. During pumping the pressure was measured with an ionisation gauge. After 
completion of the evacuation the experimental vessel and getter chamber were sealed off from the rest of the 
system and the cathode heated up to 2,300°C for a short period. The current was then switched off and the 
variations of the work function were measured. The first measurement took place after 2 minutes and gave a 
value for 9 = 4.52 eV. Supposing that all values of the work function up to a value 9 = 4.59 eV are ona 
straight line 9 = 4.50 eV can be assumed to be the initial value of the clean surface. Restricting all considera- 
tions to this range of work function values one can presume that the number of molecules, v, of the residual 
gas adsorbed by the clean surface per second is a function of the pressure prevailing in the vessel. Further, 
one can say that the change of work function of the clean surface produced by the adsorption of any one mole- 
cule of the gas is the same. It follows that Ag is firmly related to Av and do/dt is constant for a given 
pressure. Plotting the values of the work function against time produces a curve, the slope of which is a 
characteristic of the pressure prevailing in the vessel. Having plotted the values of 9 in a particular experi- 
ment, the authors activated the getter and took a new series of readings. The plottings of the second experiment 
were on a line, the slope of which was flatter than that of the first series of readings, thus indicating that the 
pressure in the vessel was lower. In conclusion, the authors express the belief that it may be possible to 
emphasise absolute figures for the pressure in a vessel by this method, but such an attempt would be more in 
the nature of a highly delicate experiment than that of an ordinary measuring procedure. 


Sommaire. Détails d’une étude approfondie sur les possibilités d’utilisation de changements de la travail de 
sortie de surfaces métalliques propres en vue de la détermination des pressions inférieures 4 10-*mm. Hg. 


Capillary Depression in Mercury Barometers and Manometers 

United Kingdom. The amount by which the top of a mercury column is depressed is the result of capillary 
forces acting at the mercury meniscus and is called capillary depression. It depends on the diameter of the 
meniscus, the surface tension of the mercury and the angle of contact between the metal and the walls of the 
container. The angle varies widely. The surface tension is known to be 500 dyn/cm. in the case of clean 
mercury and 400 dyn/cm. in the case of contaminated mercury. The height of the meniscus depends on the 
surface tension and the angle with the container. In order to determine the capillary depression it is often 
sufficient even where refined pressure measurements are concerned, to refer to the diameter of the tube and 
the height of the meniscus. There are several tables facilitating such assessments. Some have been compiled 
on the basis of experiments and others from calculations. Generally speaking, the experimentally obtained 
values are not suitable for the precise requirements of barometry and manometry and determinations by 
calculation take a long time. The authors used two sets of existing tables, 7.e., the tables of Bashforth and 
Adams, and Blaisdell, as the basis of computation for the development of a new comprehensive table convenient 


for practical use. An extract of the table is given below. 
Capillary Depression 
(mm. Hg at 20° C Standard Gravity) 


Meniscus Height 
(mm.) 
mm. 0.1 0.5 | 1.0 2.0 


Surface Tension =400 dyn/em. 
0.265 0.494 
0.027 0.052 0.072 

Surface Tension=450 dyn/cm. 


5. 
0.193 1.619 
10 0.035 0.170 0.322 0.443 0.522 
15 0.009 0.045 0.086 0.120 0.146 
20 0.003 0.013 0.024 0.034 .042 
Surface Tension=500 dyn/em. 
8 0.072 0.354 0.663 0.894 1.031 
16 0.009 0.043 0.082 0.116 0.142 


Sommaire : On a établi une table pour l’évaluation de la dépression capillaire qui se manifeste au sommet 
d’une colonne de mercure par suite de la force capillaire. 
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Heat Transfer From Wires to Gases at Sub-Atmospheric Pressures Under Natural Convection Conditions 
See Abstract No. : 97/I 


A Thermocouple Micromanometer 
France. Details are given of a micromanometer of recent design. All aspects of the performance of the 
manometer are discussed. In the introduction to this article the author considers generally the laws 
governing the thermal conductivity of gases at low pressures. 


Sommaire: Description d’un micro-manométre de forme nouvelle. 


The Operation and Performance of the Penning Gauge 

France. The working principle of the Penning gauge is discussed and a new method of calibration described. 
Comparing its performance with that of the ionisation gauge the authors come to the conclusion that the 
Penning gauge has great advantages for the following reasons :—The construction is comparatively simple 
and the gauge has a long service life. Exposure to air at atmospheric pressure is not detrimental. Degassing 
does not cause any difficulty. On the other hand, the ionisation gauge is more reliable as far as accurate 
reproduction of measurements is concerned. In order to improve the performance of the Penning gauge in 
this respect a special voltage regulator would have to be added in order to counteract fluctuations of the 


supply. 
Sommaire : Comparaison des performances de la jauge de Penning avec celles de la jauge a ionisation. 


The Ionisation Gauge—Two Modifications 

United Kingdom. It was noticed that ionisation gauges connected to the vacuum system by side arms gave 
pressure readings which were appreciably lower than those indicated by gauges inserted directly into the pumping 
system. This is most likely an outcome of the gettering action of the gauge itself. The authors designed an 
ionisation gauge for direct insertion in the main pumping line between the apparatus to be evacuated and 
the liquid air trap. The ion collector is formed by a platinum film burnt onto the inside of the glass pipe. The 
grid consists of a coil wound from 0.1 mm. diameter molybdenum wire and the emitter is shaped in the form of 
a hairpin and placed in the axis of the tube. The electrodes are mounted on a ring seal. The ion current of 
this gauge has been found to be two or three times greater than that of an identical gauge connected to the 
system by a side arm. There is also a noticeable improvement regarding the response to transient pressures. 
In the second part of this note the authors describe ionisation gauges converted for use as contamination 
gauges. 

Sommaire : L’on décrit une jauge a ionisation devant étre placée directement dans le systéme a vide, évitant 
la connection par tube latéral. En outre l’on propose des modifications permettant de se rendre compte des 
contaminations ,éventuelles dans le systeme évacueé. 


Ionisation Gauge with Thoria-Coated Cathode 

United States. The authors report on design details and performance of ionisation gauges fitted with a thoria- 
coated iridium cathode. The cathodes suffered no damage when exposed to atmospheric pressure whilst hot 
and had a stable electron emission even at oxygen pressures as high as 10-?mm. Hg. At an operational 
temperature of 1,400°C (brightness) their average service life was approximately 1,000 hours. One instrument 
is known to have lasted 10,000 hours. The manufacture of the cathodes is simple. The authors cut ribbons 
60 mil. wide from commercially available iridium sheets, fitted them with nickel end pieces about 250 mil. 
wide, mounted the cathode inside the grid of the gauge and coated the ribbon with thoria by cataphoresis, 
employing the grid as the anode in the process. 

Sommaire : Les auteurs signalent que l’emploi de cathodes en iridium recouvertes de thorium dans les jauges 
a ionisation, offre de nombreux avantages. : 


A New Circuit for Ionisation Vacuum Gauge 

Japan. In an ordinary ionisation gauge the pressure is measured by the ratio of ion to electron current: 
Normally the electron current is kept constant by an automatic control device. Where the range of pressures 
to be measured is large such control devices are impracticable. The electron current should be varied with 
the pressure. The authors describe a circuit which facilitates the direct measurement of both currents, 7.e., 
the electron current is no longer constant. The new circuit facilitates greater speed of measurement and is thus 
particularly useful where two or three ionisation gauges have to be employed for the effective control of a 


process. 
Sommaire : Description d’un circuit utilisé en rapport avec une jauge a ionisation, lequel permet la lecture 


directe du rapport courant de ionisation-courant électronique. 
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22 — MEASURING PLANT (VACUUM) — 22 


Proceedings of the Electron Microscope Society of America 


United States. An annual meeting of the Society was held in November last. 50 papers were presented to 
the conference, abstracts of which are given in this report. The following papers are of special interest to the 
vacuum worker :— 


Some Attempts to Produce Structureless Evaporated Replicas of Frozen Liquids at 
Films, Replicas and Shadows. Low Temperature. 
Authors: S. G. Ellis and J. Hillier Authors: H. T. Meryman and E. Kafig 
The Structure of Sputtered Silver Films. Special Techniques of Surface Replication. 
Authors: C. E. Ells and G. D. Scott Author: C. J. Calbick’ 
Sputtering Etching of Metals. Preservation of Tissue Cells for Electron 
Author: R. M. Fisher Microscopy by means of Freeze Drying. 
Author: F. S. Sjostrand 


Sommaire : Rapport sur la derniére Assemblée Annuelle de 1’American Electron Microscope Society, donnant 
des résumés de toutes les études soumises 4 cette Assemblée. 


A Specimen-Treating Adaptor for the Electron Microscope 


Japan. The adaptor described can be fitted to the specimen chamber of an electron microscope and facilitates 
the observation of a specimen in various stages of processing without exposing it to air. The adaptor consists 
of a glass tube, 7 cm. long and 3 cm. wide, and is attached to the chamber in place of the chamber door. At 
the other end a conical joint is provided the male part of which carries two sets of leads. One set is connected 
to a thermo-element and the other set to a small heater coil wound from platinum wire positioned immediately 
in front of the specimen chamber. The specimen holder can be moved from the ‘ observation ’ position (a) 
to the ‘treatment’ position (b) by way of example the deposition of MoO, crystals on the specimen holder 
is described. After completion of the deposition the specimen holder is moved into the position (a) for an 
initial series of observations. Subsequently it is returned into the position(b) and the reduction of the oxide 
effected by passing hot hydrogen originating from the heater coil over it. The crystal can then be returned 
to the position (a) for further examination. 


Sommaire : Détails d’un porte-objet, construit pour le traitement de spécimen en position, sans interrompre 
le vide, dans la chambre d’un microscope électronique. 


Electron Diffraction Evidence for the Existence of Microstress in Evaporated Metal Films 
See Abstract No. : 73/III 


A Molecular Leak for the Mass Spectrometer 


France. Leaks which allow for a truly molecular flow are useful in many applications and of particular 
importance as an accessory of mass spectrometers. The author designed a molecular leak which consisted 
essentially of a platinum disc 0.01 mm. thick placed inside a pyrex tube of semi-capillary dimensions. The 
disc was pierced in the centre with the help of a tungsten needle 5-15 microns in diameter. The leak was 
designed to give a throughput of 3-50 ml. per hour measured on the intake side. There are two methods of 
testing the performance of such leaks. The method giving the more reliable results consists of fitting the 
leak to the mass spectrometer and analysing the gas transmitted through the leak from a reservoir holding 
a mixture of argon and nitrogen gas. As long as the flow through the leak is truly molecular the pressure 
ratio of the gas mixture in the ion source of the mass spectrometer is the same as that in the reservoir. Results 
of tests carried out on the leak described are shown in a table and ina graph. They prove that this design 
facilitates proper molecular flow. 


Sommaire : Détails d’une fuite moléculaire pour un écoulement de 3-50 ml. par heure. 


Mass Spectrometric Determination of Oxygen in Water Samples 
See Abstract No. : 31/IV 


26 — MATERIALS — 26 


Capillary Depression in Mercury Barometers and Manometers 
See Abstract No.: 51/II 
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Mercury the Purest Metal 

United States. Mercury is liquid in the temperature range from —38.9 to +357°C. It has a density of 13.5 
and a vapour pressure of less than 2 micron Hg at room temperature. It is insoluble for most gases. Mercury 
is used in solid, liquid and vapour form. The mercury boiler is the most efficient source of power today. 
Mercury vapours produce vacua of the highest order in diffusion pumps. As a liquid it is employed in instru- 
ments measuring temperatures, pressures and densities. In solid form it is used in the new frozen-mercury 
casting process. Its high surface tension prevents it from wetting non-metallic materials, but dust and dirt 
adhere tenaciously to it. Mercury is not oxidised by air or pure oxygen at room temperature but an oxide 
skin forms on its surface when metals such as lead, zinc, tin, cadmium, aluminium and copper dissolve in it. 
Mercury, as ordinarily available from the mines, is undoubtedly one of the purest substances but still higher 
purity is required for many applications where foreign matter of a few parts in a thousand million is all that 
can be tolerated. The ordinary testing methods for checking the purity, 7.e., the methods of the U.S. Dental 
Association, the U.S. Pharmacopia and the U.S. Chemical Society are satisfactory only where the material 
is intended for use as a chemical reagent. The suitability of the material for instrumentation should be 
checked by the Wichers test or the A.C.S. test for base metals. The removal of dissolved base metals can be 
effected by vacuum distillation. Two types of stills are mentioned, the Hulett and the Eberbach still. However, 
distillation methods are slow and there is the constant danger of ‘bumping’. For this reason a chemical 
method was developed by L. Meyer :—the nitrate acid tower method. Finally, the mercury oxyfier is mentioned, 
O This method is based on the fact that oxygen combines readily with all traces of objectionable base metals in 
mercury at room temperature. The mercury to be cleaned is agitated in a closed vessel by paddles producing 
a fine spray. Asa result of contact with the air the impurities form an oxide powder which deposits and floats 
on the surface of the mercury and can be easily removed. 


Sommaire : Discussion des propriétés, performances, et de la purification du mercure. 


Desiccator Data 
Holland. The authors refer to a report published by Booth and McIntyre in 1936 on the efficiency of laboratory 
desiccators. The authors of that report saturated the air in the desiccator with water vapour and measured 
the time required to obtain complete dryness of the air. The authors of the present report carried out similar 
experiments but measured the residual moisture content of the air in the desiccator directly at fixed time 
. intervals. The desiccants used in this study were largely the same as those used in the previous experiments, 
i.e., anhydrous magnesium perchlorate, barium oxide, calcium chloride and calcium sulphate hemi-hydrate. 
The desiccators used for the experiment were of the pyrex type and had an internal volume of 3,000 and 7,500 
ml. respectively. Details of the experimental technique are given and results shown in tables, one of which is 
reproduced below in abbreviated form. The authors established that laboratory air of ordinary moisture 
content is dried 100% in a period of 7.5 to 15 minutes. The authors of the previous study had arrived at an 


approximate figure of 90 minutes. 


Table III 


Time Rate of Absorption of Moisture in 3,000 ml Desiccator Using Barium Oxide, Anhydrous Calcium 
. Chloride and Calcium Sulphate Hemi-Hydrate 


W ater Resid. Water Vapour in mq. Absorption Efficiency In % 
Relative Vapour Time Time Time Time Time Time 
: Humidity Desiccant Blank 0.5 10.0 25.0 0.5 10.0 25.0 
: % mg min min min min min min 
43 Barium Oxide 12.2 1. 0.0 42.5 100 
40 Calcium Chloride 10.8 4.1 0.4 0.4 62.0 96.0 96.0 
62 CaS041/2H,0 17.5 12.3 0.1 29.7 99.0 


Sommaire: Recherche sur les facultés de dessiccants et de déssiccateurs, avec référence particuliére aux 
travaux antérieurs de Booth et McIntyre. 


The Place of Carbon Dioxide in the Field of Refrigeration 
United Kingdom. The uses and applications of CO, are discussed. Speaking of its application in liquid form 
a portable apparatus is mentioned using liquid CO, as a freezing medium by direct injection through minute 
orifices into spirit in a vacuum flask, a method which is employed in the tropics for the freeze drying of biologic 
materials on the spot. A notable application in gaseous form is its use in cabinets built for the display of 
frosted foods and fitted with triple glass windows, one space of which is filled with CO, gas in order to prevent 
the formation of condensate obstructing the inspection of the goods. In vacuum systems the performance 
of dry ice traps (CO, in solid form) for moisture absorption compares favourably with those of phosphorous 
pentoxide traps. The phosphorous pentoxide trap has frequently to be removed from the system for mainten- 
ance reasons, whilst the CO, trap can be left unattended for many weeks or even months. A new application 
for CO, in solid form has recently been found in the removal of optical lenses from the bitumen block after 
polishing. Formerly the bitumen had to be dissolved, now the lens is touched at the centre with a fragment of 
; dry ice and as a result of the great difference in the thermal contraction of glass and bitumen the lens flies off 
and requires little or no cleaning afterwards. 


Sommatre : Ou: l’on discute divers emplois du dioxyde de carbone sous forme liquide et sous forme solide. 
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Getting Wax From Sugar Cane 
See Abstract No.: 125/III 


28 — APPARATUS COMPONENTS — 28 


The Flow Characteristics of Capillary Leaks 
United Kingdom. An equation giving the flow characteristics of small capillary leaks is given in the book by 
Guthrie and Wakerling ‘ Vacuum Equipment and Techniques’ p. 191, but it containsanerror. The results 
and conclusions are important in calculations on vacuum leaks. The correct result is derived in this note. 
The transition of flow characteristics from viscous to molecular is demonstrated for a cylindrical tube of 1 cm. 
length having an atmosphere of air at one end and vacuum at the other. It is shown that for tube diameters 
of less than about Ip (or flow rates less than 10-*ly/sec) the flow can be assumed to be entirely molecular 
while for tube diameters greater than 10 (or flows larger than 10-*l/sec) the flow can be considered entirely 
viscous, so that in these regions the well known equations for flow rates (of Knudsen and Poiseuille respectively) 
O an be applied with negligible error. 
(Authors) 


Sommaire : Note, rectifiant une formule donnée par Gutherie et Wakerling sur la caracteristique 1’écoulement 
de fuites. 


A Molecular Leak for the Mass Spectrometer 
See Abstract No.: 61/II 


A High Vacuum Rotary Seal 
United States. In connection with investigations into wetting phenomena of liquid metals it was necessary 
to perform certain machining operations in the presence of the molten metal but in order to prevent its oxida- 
tion these operations had to be carried out ina vacuum. A rotary seal was developed which facilitated the 
transmission of the necessary power without causing the vacuum in the vessel to deteriorate. Details of the 
design are given ina sketch. The seal consisted essentially of a rubber diaphragm clamped between the upper 
and lower half of the housing, the centre of which allowed a wobble shaft connecting the driving shaft on the 
atmospheric side with the driven shaft on the vacuum side to pass. The wobble shaft was seated in holes bored 
into extensions of the driving and the driven shaft effecting a mechanical coupling of the two. In operation 
the axis of the wobble shaft, inclined at an angle from the vertical, described two conical surfaces each with its 
apex at the mid-point of the shaft, level with the diaphragm. The seal was effective downto a pressure of 
3 x 10-5mm. Hg. 

Sommaire : Description d’un joint qui permet de percer et meuler a l’intérieur d’un récipient, le moteur se 
trouvant a l’extérieur. 


Sealing Pipes Against Vacuum or Low Pressure without Shutdown 


United States. Small leaks in pipe joints of vacuum,systems can be sealed by slipping a split piece of poly- 
ethylene tubing over the joint or wrapping it with a strip of polyethylene sheeting. Heating the wrapping 
with the help of a torch or gas burner will cause the resin to flow around the joint and effect a tight seal. If 
the joint is to be broken later, the resin can be removed without difficulty. 


Sommaire : Description d’une méthode simple pour fermer hermétiquement les joints dans les systémes de vide. 


29 — MISCELLANEOUS APPARATUS — 29 


The Diffusion Cloud Chamber 
See Abstract No. : 96/I 


Vapour Jet Coolers for Crystallizers 
See Abstract No.: 122/III 
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A Means of Improving the Performance of Dewar Vessels Made from Glass and Used for the Storing of Liquids 
at Low Temperatures 
Germany. Experiments are reported which were carried out some time ago and aimed at reducing the loss of 
liquid gas stored in Dewar vessels through heat exchange by convection and radiation. One series of experi- 
ments was concerned with the improvement of vacuum in the space between the two walls of the vessel by 
depositing camphor soot on the inner wall. This material proved to be a powerful getter activated by the low 
temperature of the liquid air stored in the vessel. In another series of experiments the performance of a Dewar 
vessel was investigated which was fitted with a silvered partition positioned between the two walls of the 
conventional design. The results of these investigations are shown in a table which is reproduced below in 
abbreviated form. The table is based on the assumption that each of the vessels mentioned contains an identical 
amount of liquid air and shows the times observed for an identical amount of liquid air to be lost through 
evaporation in each case. 
Type of Vessel Time Interval Observed in Hours 

Ordinary Double-Walled Dewar Flask (Silvered) 4.5 

Double-Walled Silvered Dewar Flask with a Charge of Soot ... i 7 

Triple-Walled Dewar Flask (Silvered) 7 

Triple-Walled Silvered Dewar Flask with a Charge of Soot... a 8. 
Sommaire : Les expériences faites il y a quelque temps en vue d’améliorer les caractéristiques de récipients 
de Dewar, sont décrites. 


The Mass Concentration of Air Borne Dusts 


United Kingdom. The method of determining the mass concentration of dust developed by Briscoe et al. 
employs volatile filter bases. The dust sample is drawn into the filter and the dust recovered by heating up 
the filter to the temperature at which it sublimes. Subsequently the dust is weighed on a micro-balance. 
Hitherto naphthalene subliming at 78°C has been used as a filter material, but naphthalene is so volatile that 
it begins to disintegrate, whenever a volume of air larger than 30 litres is sampled. As it is necessary to sample 
a great volume of air in order to obtain the large quantities of dust required for a micro-analysis a suitable 
substitute for naphthalene had to be found. The author reports that dimethylterephthalate has proved 
satisfactory as a filter material. It sublimes at 105°C at reduced pressures, has a melting point of 141°C in 
atmosphere, is chemically inert and non-hygroscopic. In addition the author recommends the use of vacuum 
hot plates which facilitate the heating of an object to a controlled temperature under vacuum. With these 
hot plates up to 20 samples can be handled in one batch. Samples put into the apparatus in the evening are 
ready for weighing the next morning. 


Sommaire : Description d’une méthode moderne pour la micro-détermination de poussier dans lair. 


The Detection of Air Leaks 
See Abstract No. : 67/I 


‘General Principles of Leak Detection 


United Kingdom. Up to 1930 the discharge tube was about the only tool available for the detection of leaks. 
In 1935, the first ‘ probe gas method ’ was proposed, 7.e., the use of a Pirani gauge in the fore vacuum line with 
coal gas as the probe gas. This was followed up in the 1940’s by the introduction of the mass spectrometer 
using helium as a probe gas. The mass spectrometer is undoubtedly the most sensitive instrument available 
today but there are simpler techniques which are still adequate for most purposes, and the present paper is 
essentially concerned with the latter. Discussing ionisation gauge methods the authors state that the hot filament 
type is more suitable than the cold cathode type, as it is more stable and facilitates the detection of pressure 
changes of 3 x 10-7 mm. Hg against a base pressure of 3 x 104mm. Hg. The Pirani gauge, whilst less sensitive 
than the ionisation gauge, offers great advantages as it can be operated at pressures 100-1,000 times higher. The 
authors consider the flow conditions prevailing in continuously pumped vacuum systems as a result of probe 
gas penetrating through a leak and supplement their theoretical considerations with experimental results 
obtained in a system using two diffusion pumps in cascade. Finally, differential methods and the hydrogen 
palladium tube method are mentioned. In order to define the properties of various probe gases the authors 
introduce ‘ the substitution sensitivity factor ¢.’ This factor is the ratio of ‘ change of pressure caused by 
covering the leak with probe gas’ to ‘ mean air pressure before probing’. The table reproduced below gives 
the values of ¢ for a variety of gases. If ¢ is known and the fluctuations of air pressure APA at the gauge, 
the minimum detectable leak can be found from AL = APaUa/ ¢ where Ua is the speed of the conductance, 


Substitution Sensitivity Factors 


Lonisation Gauge Pireni Gauge 
Probe Gas Single Differential Single ! Differential 

Butane 10 11 1 2 
D-ethyl Ether ... = 5 6 0.7 1L.7 
Carbon Dioxide tors ste 1 2 0.3 1.3 
Carbon Tetrachloride 1 2 0.05 1 
Benzine 0.3 1.3 0.1 1.1 
Hydrogen —0.4 OA 0 
Coal Gas 0.25 0 0.25 0 


Vemploi du spectrométre massif. 
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Leak Detection Practice with Particular Reference to the Hydrogen Palladium Method 
United Kingdom. The principles of leak detection are discussed with specific reference to the Pirani and 
palladium-barrier ionisation gauges, as used to detect hydrogen applied externally as a test gas. Plant based 
on these techniques, with the detector in the backing space and other refinements, are described. The testing 
of single or multiple vessels based on this type of plant is discussed in detail with special reference to applica- 
tions outside the vacuum field. The problem of leak testing completely sealed components is also discussed. 
The paper concludes with a consideration of calibrated reference leaks, for a quantitative assessment of the 
leakage rate, when testing to a specification. (Authors) 
Sommaire. Ov l'on discute les principes de la détection des fuites, en s’arrétant tout particuliérement sur les 
jauges d'Ionisation Pirani et Palladium-Barrier sous l’aspect de leur emploi pour la détection de l’hydrogéne 
appliqué extérieurement comme gaz révélateur. 


Leak Tester 
United States. A novel method is described of detecting pin holes in bodies housing electronic gear. The 
tools required are: a vacuum cleaner, a water column manometer, a supply of Freon gas, and a plumber’s 
torch. The vacuum cleaner is used to evacuate the body to a predetermined sub-atmospheric pressure. Sub- 
sequently, suction is discontinued and the manometer watched for a deterioration of the vacuum. If the 
O presence of a leak is indicated, Freon is admitted to the body at a positive pressure. At the same time the 
torch is played over the area suspected of containing the leak. The presence of a leak is confirmed if the 
normally blue flame of the torch changes to yellow as a result of Freon gas penetrating through the leak to 


atmosphere. 
Sommaire : Description d’une méthode simple pour la détection de fuites et qui est applicable a l’essay d’un 
appareil électronique hermétiquement clos. 


Apparatus for Imposing and Measuring Rapid Pressure Changes in Gases 

United States. Details are given of an apparatus which has been designed to impose rapid volume changes on 
a small reaction vessel. In applying such a change a dissociating gas present in the vessel and initially at a 
chemical equilibrium will readjust itself to a new equilibrium, a process which will be characterised by in- 
stantaneous pressure changes. These pressure changes are recorded on an oscilloscope through the intermediary 
of a Massa sound pressure standard incorporated in the apparatus. The compressible gas chamber is built on 
the principle of a bellows gauge, the back plate of which can be moved by spring action. As long as the pressure 
of the gas inside the vessel is less than 125mm. Hg the rate of the pressure change is independent of the internal 
pressure. The performance of the instrument is discussed and graphs are shown, giving plottings obtained in 
trial runs with air and in preliminary runs with a number of dissociating gases. Pressure changes of the order 
of 4 mm. Hg in a period not exceeding 0.002 seconds were recorded satisfactorily by the instrument. The 
sensitivity of the present design is given as l-inch deflection on the oscilloscope = a pressure change of 6.7 
mm. Hg. The records of pressure changes obtained in the experimental runs exhibit certain disturbances 
occurring during the operation of the apparatus which cannot be fully explained. Temperatures at which 
experiments can be carried out are limited on the low side by the temperatures required to produce the necessary 
vapour pressure for the compound in question, and on the high side by the maximum operating temperature 
of the crystal (72°C). The slowest pressure change that can be recorded is determined by the charge-decay 
period of the crystal, and the quickest by the speed at which the back plate of the chamber can be moved. 


Sommaire : Description d’un appareil qui a été élaboré pour imposer de rapides changements de volume * 
O un petit volume de gaz, a l’effet d’étudier la réaction des gazes de dissociation. 


On the Measurement of Vapour Pressures by Effusion 

United States. The author investigates the ‘ free molecule ’ flow which occurs at the vapour pressures measur- 
able by Knudsen’s effusion method. He proves that the dimensions of the effusion cell could be such that 
relatively slow molecular flow from the vaporising material to the aperture reduces the effusion rate below 
the maximum value, 7.e. the saturation pressure. The total surface area of the condensate is not fundamentally 
related to the pressure of the effusing vapour. Only the surface bordering the vapour volume is important. 
Formulae are given which facilitate checking the pressure of the effusing vapour for saturation and an.assess- 
ment of adequate dimensions for the equipment. 

Sommaire : Considérations théoriques sur les conditions déterminant le succes de la mesure de pressions de 
vapeur par la méthode de Knudsen, dite d’éffusion. 


Vapour Pressure of Phosphoric Acids 

United States. Vapour pressures of the system P,O, )—H,O published previously mainly apply to solutions of 
ortho-phosphoric acid in water. The authors describe in the present paper the determination of the composition 
and pressure of the vapour of phosphoric acid containing up to 92.7% P,O,9. The vapour pressures for each 
acid are measured by determining the boiling point at various low pressures in an apparatus which was specially 
designed for the purpose and is shown ina sketch. The data presented should be useful in connection with the 
design and operation of phosphoric acid plant or plants where the acids are used as catalysts. 


Sommaire. Etude décrivant la détermination de la pression et de la composition de la vapeur des acides 
phosphoreux contenant 61-92% de P,O,9. 
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30 — EVAPORATION — 30 


Thin Films 

United Kingdom. This report consists of papers presented at a symposium sponsored by the Chemistry 
Division of the Atomic Energy Research Establishment (Harwell) and held in March, 1951. Records of the 
discussions are included. It was the purpose of the conference to discuss :—the requirements of film users, 
the properties and methods of evaluating films and finally some aspects of film production. A list of the 
papers and authors is given below :— 


I 
! 
The Uses and Characteristics of Thin Films 
j 


Title Author 
E. Bretscher 
The Adhesion and Stability of Films F. Hudswell 
Methods Available for the Preparation of Thin Films F. Hudswell 
Vacuum Coating by Sputtering and Thermal Evaporation T. A. J. Jaques 
The Sublimation Technique for the Preparation of Thin Films of Plutonium J. K. Dawson 
: The Painting Technique for the Preparation of Films W. J. Whitehouse 
The Electromagnetic Separator as a Means of Preparing Thin Films W. D. Allen 
O The Preparation of Films for Electron Analysis C. S. Lees 
O. Flint 


Electrodeposited Films 
Aluminium Oxide Films A. Charlesby 

The Preparation of Films for Counting C. J. Mandleberg 

: Sommaire : Rapport d’une discussion dans le personnel gle la A.E.R.E. sur les emplois de films minces, sur les 
méthodes d’évaluation de ces films and sur divers aspects de la production de films. 


Proceedings of the 36th Annual Meeting of the Optical Society of America 
See Abstract No.: 87/I 


Proceedings of the Electron Microscope Society of America 
See Abstract No. : 58/II 


A Study of the Condensation Performance of Molecular Rays with the Help of Radio-Activated Materials 


France. A considerable amount of research has been carried out already in an endeavour to explore the 
mechanism of condensation in vacuum evaporation processes but no results have been achieved yet which 
would facilitate a proper assessment of the various factors such as the nature, surface properties and 
: temperature of the film support which govern the initial structure of a deposit. The author describes apparatus 
which he designed specially for the purpose of studying the initial formation of deposits using radio-activated 
antimony and gold as experimental materials. With the help of electronic counttrs he determined the structure 
of films so small in thickness that ordinary visual inspection would have been useless. By the same means he 
; could follow the migration of condensed atoms on the surface and the reflection of atoms from the surface. 
The author came to the conclusion that the nature of the substrate has a decisive influence on deposition 
Oo performance. In the case of evaporated antimony copper gives the best performance. Assuming its con- 
densation coefficient to be unity aluminium, glass and zinc have values of 0.44,0.53 and 0.59 respectively. 
Contrary to expectation the coefficient of evaporated antimony condensing on an antimony substrate is not 
unity; a great number of vapour atoms hitting the substrate in the initial phase of the deposition process 
are reflected and not absorbed. This contradicts Langmuir’s hypothesis that the value of the condensation 

coefficient of a metal vapour condensing on a support of the same material is unity. 


Sommaire : Examen de la formation du film initial sur le support, sous vide, a l’aide de matiéres rendues 
radio-actives. 


Orientated Deposits on Crystalline Substrates 

United Kingdom. Silver and thallium halides were evaporated onto freshly cleaved surfaces of single crystals 
of rock salt, potassium bromide, magnesium oxide and mica. The materials were evaporated from tungsten 
filaments at a pressure of 10-*mm. Hg. The layers deposited were approximately 100 A thick. The substrates 
could be heated to a maximum temperature of 250°C. The evaporated layers were examined in an electron 
diffraction camera. The interpretations of the diffraction pictures are given in tabular form, Commenting 
on the results, the author states that a chemical reaction occurred between the condensed silver chloride and 
potassium bromide as substrate resulting in the formation of both, silver bromide and potassium chloride. 
However, when the deposition took place whilst the substrate was heated to 150°C. silver bromide only was 
indicated. In the case of condensing thallium chloride on potassium bromide the former was found to 
crystallise with a rock-salt type structure. This effect can only be attributed to the nature of the substrate 
as the thallium chloride did not change its normal structure when grown on mica and rock salt. Finally, the 
author discusses misfits as evidenced in a number of cases by the electron diffraction examination. For 
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instance, silver chloride on mica orientated with a misfit of -24°9,. He recalls experiments carried out by Royer 
who grew various substances with a rock-salt type structure on mica by crystallisation from solution and 
claimed that no orientation occurred where misfits exceeded 15%. It appears that the method of growth of 
orientated deposits is an important factor which should be taken into account by any theory of the process. 
Sommaire : L’on a observé des phénoménes inusuels d’orientation, lors de l’évaporation de halidés d’argent 


et de thallium sur des cristaux. 


Electron Diffraction Evidence for the Existence of Microstress in Metal Films 
United States. The actual values of the electrical resistivity of metals depend on impurities in, and imperfec- 
tions of, the material. Imperfections in the lattice cause microstrains. The presence of microstrains can be 
discovered by a line broadening in the electron diffraction powder pattern. The author deposited nickel films 
at a very high evaporation rate and at pressures below 10° *mm. Hg in order to avoid contamination by foreign 
He established that in the case considered line broadening was due to microstress mechanism 

and proceeded to assess the microstress. Knowing the Fourier coefficients it is possible to obtain the value of 

distortion as a function of the distance from the centre of distortion. In the (III) planes of an unstrained nickel 

lattice the atoms have a spacing of 2.03 x 10% cm. At this distance in the (III) direction from a distortion 
O the microstrain was found—by using the method of Warren and Averbach—to be approximately 0.05 and to 
exist only over short distances in the lattice of the crystal. It is suggested that these microstresses result 


from stacking faults occurring during the deposition process. 
Sommaire : L’existance de micro-tensions dans des films métalliques produits par évaporation est prouvée 
par une recherche sur |’élargissement des lignes survenant dans des diagrammes de poudre de diffraction 


électronique de films de nickel évaporisés. 


gas molecules. 


Interferometric Method for the Determination of the Absorption Coefficients of Metals, with Results for Silver 


and Aluminium 
See Abstract No.: 90/I 


Optical Properties of Tellurium in the Infra-Red 
See Abstract No. : 88/I 


Properties of Films of Non-Metallic Antimony 
See Abstract No.: 91/I 


Oxide Films on Electrolytically Polished Copper Surfaces 
See Abstract No.: 110/I 


Protection of Aluminium Front-Surface Mirrors by Anodic Oxidation 

United Kingdom. The protection of front surface aluminium mirrors by anodic oxidation as described by 
Hass has been investigated. Anodically treated aluminium mirrors have been produced over a range of 
anodising voltage 0-160 and their reflectivity was measured at different incidence angles in the region 4,600- 
6,000 A. Mirrors oxidised at 108 volts had an almost uniform reflectivity of 89% which was reasonably 
constant up to 60° incidence. Tests were also made on treated films to assess their mar and weather 


resistance properties. 
Sommaire : Etude de la protection de mirroirs aluminisés en surface par l’oxydation anodique et description 


des caractéristiques de miroirs traités de la sorte. 


Method for the Production of Thin Films 

Germany. Thin films of the type produced by deposition in vacuum and intended to protect highly reflecting 
metal surfaces must possess certain well defined optical properties and, in addition, mechanical qualities such 
as good adherenee and great hardness. Materials, from which a film suitable for this purpose can be formed, 
should consist of silica, oxygen and metal containing products. Deposits from evaporated mixtures of silicon 
and silicon dioxide with metals or metal oxides—such as copper, beryllium, magnesium, zinc and cadmium— 
appear to form a deposit constituting a proper compound, where the metal—similar to the structure of car- 
bonyls—is firmly embedded in the molecule. By varying-the quantities of each component making up the 
mixture it is possible to predetermine the values of the refractive index and absorption coefficient of a deposit. 


Sommaire : Description de couches de protection sur des surfaces réflechissantes en métal etc. 
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The Investigation of Thin Absorbing Films with the Help of the Absolute Phase 
See Abstract No. : 89/I 


The Measurement of the Thickness of Thin Layers 
France. Non-destructive methods for the thickness measurement of thin films and pellets are discussed. 
the first section the thickness measurement of non-ferromagnetic layers on a support of the ferromagnetic 
type is considered, in the second ferromagnetic layers covering a ferromagnetic substance. The remainder 
of the article deals with the thickness measurement of paper, plastic or metal foils up to a thickness of 1 mm. 
and finally with the determination of wall thicknesses in the range of 6-10 mm. The methods under review 
include magnetic, magneto-inductive, X-ray diffraction and beta-ray penetration procedures. 


Etude des méthodes existantes de détermination de l’épaisseur de films and parois minces. 


In 


Sommaire. 


Metallic Coatings by Deposition of the Metals from the Vapour Phase 
See Abstract No. : 72/1 


A Vacuum Chamber Suitable for the Deposition of Thin Films on Large Surfaces by the Vacuum Evaporation 


or Sputtering Process 

Germany. The working chamber of vacuum coating plant should be made as large as possible. The larger the 
vacuum chamber, the more effective is the suppression of interference with the process by gases liberated 
from the chamber walls. Working chambers of 2 m. diameter are now available for the coating of mirrors. 
However, it is difficult to keep a chamber of this size clean. It is proposed, therefore, to build such chambers 
in two parts. According to the design suggested in this patent the upper part is bell-shaped and fitted rigidly 
to the plant. It contains all accessories except the work holders. These are fitted to the lower part which 
is smaller in height and retractable. In the loading (and unloading) position of the lower part the work pieces 
can be manipulated without difficulty. At the same time easy access is given to the upper part of the chamber 
for all cleaning operations. After loading, the lower part is placed underneath the upper part and raised by a 
hydraulic press to effect an airtight seal. The smooth action of such a press renders it particularly useful for 


this application. 
Sommaire. Description d’une nouvelle chambre a vide pour I’évaporation et l’atomisation, qui consiste en 
une cloche fixe ayant une base amovible. Cette derniére sert avant tout comme porte-objets. 


A Vacuum Evaporation Plant Fitted with High Speed Pumps 
France. Films deposited by vacuum evaporation methods for use as semi-reflectors or in connection with the 
shadow casting of specimens for the electron microscope rarely exceed a thickness of 100 Films as thin as 
that show a somewhat irregular structure. This is a serious disadvantage in many applications. It is known 
that the structure of thin films very largely depends on the processing conditions. The pressure prevailing 
in the chamber during evaporation is one of the most important single factors in that connection. An efficient 
vacuum evaporation plant should be operated at a pressure of 10-° mm. Hg. The authors describe the design 
of a plant which satisfies these requirements and consists of a working chamber, 35 cm. wide and 40 cm. high, 
evacuated by a baffled diffusion pump, the backing side of which is connected to a manifold of 30 1 volume, 
fitted with a P,O,; trap, and a two-stage rotary pump. The pumping unit has a speed of 230 1 per second. 
A picture demonstrating the quality of the deposits obtained with the plant is added. 


Sommaire. Une installation d évaporation sous vide est décrite, laquelle est destinée a donner un vide particu- 
liérement poussé, en un temps court, et maintenu pendant l’évaporation. 


On a Bakable Evaporation Apparatus and Throughout Gauge 
United States. A vacuum evaporation apparatus is described which consists of an all-metal bell jar, fitted 
with two observation windows, connected through a liquid air trap to a mercury diffusion pump unit which is 
fitted with a dry ice trap at the throat of the pump. The bell jar and liquid air trap can be placed in an oven 
for baking out up to a temperature of 160°C. A McLeod gauge joined to a trap which, in turn, is connected 
via a stopcock to the backing line of the diffusion pump can be used for the measurement of the throughput 
of gases and vapours during and after baking. The apparatus facilitated the production of silver films with an 
exceptionally low absorption. A discussion of the performance of the plant is added. 

Sommaire. La construction d’une installation d’évaporation qui permet le recuit pendant le pompage et la 
mesure de débit de gaz et vapeurs pendant et aprés cette période. 
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A Straight Wire Heater for Vacuum Evaporation 

United Kingdom. A resistance heater is described for evaporation of refractory and/or reactive materials 
available as wire, tape or foil, for use with heavy metals whose wetting forces are small and for coating thin 
plastic targets. Its efficiency is increased by close-fitting radiation shields. 


Sommaire: Description d’une nouvelle forme d’un chauffage par résistance utilisable comme source 
d’évaporation. 


Aluminium Base Alloy for Metal Evaporation 

United States. Pure aluminium evaporated in vacuum coating plant often tends to ‘spit’. Usually the metal 
to be evaporated is suspended from the tungsten filament in the form of small loops which wet the filament 
as soon as the temperature reaches the melting point of aluminium (658°C). Ordinarily the filament of the 
. crucible is operated in 4 temperature range of 1,000-2,000°C. Thus the layer of aluminium closest to the 
filament will be heated to a temperature exceeding that required for its evaporation. As a result explosive 
boiling occurs with a tendency of small aluminium chunks flying off the filament and causing rough spots 
on the surface to be coated. It is proposed to overcome this difficulty by alloying the aluminium with tungsten 
and/or molybdenum. -A compound formed from these materials has a higher melting point and wets the fila- 
ment whilst it is still in the state of a pasty mass. As the temperature rises the excess aluminium in the com- 
pound becomes fluid and evaporates. At still higher temperatures it appears that a distillation action takes 
place whereby the aluminium in the compound is liberated and evaporated whilst the tungsten and/or 
molybdenum remain on the filament. Thus, the deposit is of pure aluminium just the same as any produced 
by evaporating aluminium only. It is recommended to use a composition of about 2% tungsten, 4% 
molybdenum and 94% aluminium. - 

Sommaire: En vue d’éviter le “ giclement”’ de l’aluminium évaporé sur des filaments de tungsténe, 1l’on 
propose de faire allier l’aluminium avec un faible pourcentage de tungsténe ou de molybdene. 


The Preparing of Silver Magnesium Alloys in the Form of Thin Films by Evaporating the Individual Constituents 
Simultaneously 

France. The authors refer to research work carried out in the past on the structure of silver magnesium 
alloys. In all these cases the material investigated was prepared by melting and casting. The authors, 
engaged on similar studies, prepared the alloys by the vacuum evaporation method. They evaporated silver 
from a molybdenum filament and magnesium from a tungsten filament simultaneously, and deposited the 
materials on a number of brass plates positioned within a reasonable distance from the evaporation sources 
. and approximately 7 cm. apart from each other. In this manner deposits of varying composition were obtained. 
The deposits were studied in an electron diffraction camera. The interpretations of the pictures obtained are 
shown in tabular form. 

Sommaire : Description d’une méthode selon laquelle des alliages argent-magnésium peuvent ¢tres produits 
en évaporant de l’argent et due magnésium, simultanément de sources différentes. 


A Method of Coating Articles with Tin by the Evaporation Method 


Germany. The deposition of tin films by the vacuum evaporation method presents difficulties for the following 
reasons :—(i) The melting and boiling points of the metal are far apart and (2) if melted im vacuo, the tin tends 
to form a tough oxide skin on the surface of the bath which stops proper evaporation of the tin. ° The method 
described here aims at separating the oxide skin from the pure metal prior to evaporation. The plant consists 
of two containers which are connected by a pipe line. Both containers are evacuated. In the first container 
the tin is heated up to 1,000°C. in crucibles made from tungsten, carbon or molybdenum. An oxide skin forms 
on the surface of the bath as usual. Then the tin is cooled down to a temperature slightly above the melting 
point ready for transfer to container No. 2. In order to stop the oxides present from reaching container No. 2 
the pipe joins container No. 1 below the surface of the bath. When sufficient tin has been collected in container 
No. 2 it is heated up again to 900°C. and coating by evaporation proceeded with in the normal way. 

(See Abstract No. : 90/III). 


Sommaire : Détails d’un appareillage facilitant la déposition de films d’étain par évaporation sous vide. 


A Method of Coating Articles with Tin by the Evaporation Method 


Germany. The method described here of depositing tin films on articles by vacuum evaporation represents 
a modification of the procedure given in Abstr. 89/III. The principle of two evacuated containers connected 
by a pipe line is adhered to but the transfer of the metal from container No. 1 to container No. 2 is effected 
whilst the tin is still hot, 7.e., roughly at boiling point temperature. On reaching container No. 2 the tin is 
fed onto a sloped molybdenum sheet which is heated electrically. Spreading over this sheet in a thin layer, 
the tin is evaporated at once. This arrangement eliminates the necessity of reheating a large quantity of tin 
‘in oxide-free conditions. It further obviates the use of devices operated from the outside and complicated in 
design for manipulating the hot metal in the evacuated containers. 


Sommaire : Amélioration de la méthode selon résumé 89/III 
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The Production of Printed Patterns by Vacuum Evaporation 
United States. It is often desirable to produce coatings by the evaporation method in the form of patterns. 
The authors were asked to manufacture a large quantity of small aluminium strips, rectangular in shape, 
required for a specific industrial application and, as the conventional method of masking was found too 
cumbersome, developed the method described in this note. They made an ordinary printers’ zinc plate from 
a negative drawing of a pattern consisting of several hundred of the aluminium strips required. This negative 
pattern was printed onto sheets of plastic material with printers’ ink. Silicon monoxide was rapidly evaporated 
onto the plastic under a vacuum of 10-'mm. Hg. Subsequently the aluminium layer was evaporated onto the 
sheet and, finally, a second silicon monoxide film for the purpose of protection. After completion of the 
evaporation the sheet was submerged in a solution of white gasoline with 10% carbon tetrachloride. Asa 
result the multiple layer film could be wiped off from the inked areas without difficulty, leaving the positive 
pattern in aluminium. 

Sommaire : Description d’une méthode permettant d’obtenir un dépot en film mince, par un procédé d’évapora- 


tion, lequel suit un patron imprimé. 


Aluminium-Backed Screens for Cathode Ray Tubes 
See Abstract No.: 81/I 


Heat-Transmitting Mirror 
See Abstract No.: 80/1 


A Multiple-Layer Deposit Producing Colour Effects on an Article and the Method of Manufacturing the Same 


Switzerland. Colour effects of exceptional brilliance can be produced by the deposition of multiple layers in 
vacuo which consists of a semi-transparent reflecting metal film as the bottom layer and an essentially non- 
absorbing film of a refractive index higher than that of air as the top layer. The thickness of the latter should 
be equivalent to that of the wave-lengths of the visible spectrum. Several examples of the method covered by 
this patent are given. For instance, a glass bottle is coated with a thin chromium film as bottom layer and a 
titanium-oxide film as top layer, the total thickness of both layers not exceeding 1,000 A. Light entering the 
titanium-oxide film and reflected by the chromium film travels twice through the titanium-oxide layer. 
Consequently, its phase changes and is out of step with that of the light reflected from the upper face of the 
top layer. Asa result interference colours appear. The magnitude of the phase shift depends on the thickness 
of the top layer. Varying the thickness changes the apparent colour composition of the coating. The 
brilliance of these coats is superior to anything that can be achieved by the application of corpuscular or 
pigmentary paints. 

Sommaire : L’on propose d’évaporer sous vide, une couche de base semi-transparente en métal, et par-dessus 
une couche pratiquement pas absorbante et de coéfficient de réfraction supérieure 4 celui de l’air, en vue de 
produire des effets de couleur brillants sur des articles tels que flacons en verre, etc. 


Making Diffraction Gratings 
See Abstract No. : 94/I 


A Simple Method for the Manufacture of Very Small Slits 
See Abstract No.: 120/III 


31 — CATHODIC SPUTTERING — 31 


Cathode Sputtering 
United Kingdom. Cathode sputtering is a vacuum deposition technique outshone recently by the spectacular 
advances of vacuum evaporation methods but this method still offers decided advantages in certain applica- 
tions. The deposition of films by sputtering takes place at a slower rate than in the case of evaporation. This 
can be a great help as it affords the means of controlling the thickness of the deposit effectively, an important 
point from the angle of economy, considering that the processed material is usually gold, platinum, palladium 
or silver. For reasons of efficiency sputtering is ordinarily carried out in an argon atmosphere. Oxygen 
present in the vacuum chamber tends to contaminate the product but in some cases this, too, is an advantage. 
For instance, SiO, layers deposited for protective purposes on front-surface mirrors can be produced by 
sputtering silicon. The deposition of SiO, by the evaporation method meets with appreciable difficulties. 
The physics of the process and the important features of sputtering equipment are discussed briefly. 


Sommaire : Revue générale de l’atomisation cathodique. 
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Metallic Coatings by Deposition of the Metals from the Vapour Phase 
See Abstract No. : 72/I 


Thin Films 
See Abstract No. : 68 


_ Proceedings of the Electron Microscope Society of America 
See Abstract No. : 58/II 


Cathode Sputtering for Micro-Diffusion Studies 


United States. Preparing for an investigation of thermal diffusion phenomena in metallic systems the author 
studied the mechanism of sputtering as this technique was to be applied for the removal of micro-quantities 
of metal. Details of the experimental equipment are given. The specially designed sputterer had a ring-shaped 
anode lined with a thin foil of aluminium which could be easily dissolved when determining the sputtered 
amount of the material under test. All experiments were carried out under standard conditions as shown in 
the table reproduced below :— : 


Krypton 

300 microns 
1500 volts 

0.5 inch 
0.050-0.100 in. 


Sputtering Gas 
Gas Pressure 
Cathode to Anode Potential 
Cathode to Anode Distance 
Specimen Diameter 
Specimen Length 0.50-0.75 in. 
Current 1 milliampere 
The limiting degree of uniformity obtainable by cathodic sputtering has still to be determined but was found 
to be at least as good as the roundness of the best specimens available. Care was taken to prevent the 
temperature of the specimen from rising to a value where thermal diffusion occurs. Measurements taken during 
the experiments indicated a maximum temperature of 325°C. The sputtering rates of various materials were 
determined as follows :— 
Sputtering rate 
(mils/mA—hr.) 


Specimen 


Be 0.01 + 0.003 
Mg 0.04 + 0.02 
Al (S.A.E.178) 0.03 +- 0.004 
Cu 0.04 


Zy 0.05 + 0.01 
Stainless Steel (Type 347) 0.05 + 0.01 
a4 0.03 0.01 
Ni* 0.049 + 0.001 


* Closer control over gas purity and pressure in this series. 


In sputtering alloys (70-30 brass) it was found that the deposit had the same composition as the specimen. 
Although the rates of copper and zinc are known to differ a great deal when sputtered from the pure metal no 
selective removal of one component could be noticed when sputtering the alloy. 


Sommaire : Tous les aspects de l’atomisation cathodique ont été étudiés a fond, dans la mise au point de cette 
méthode en vue de son utilisation pour des études de micro-diffusion des métaux. 


The Structure of Sputtered Silver Films 


United States. The structure of sputtered films has been investigated and compared with that of evaporated 
films. Silver was chosen as the experimental material for the reason that information on evaporated silver 
films is readily available. Sputtering was carried out in air at a pressure of 30 mm. Hg at voltages between 
1,100 and 2,000. The anode was a sheet of aluminium, the cathode a coil of pure silver wire. It was found 
that the structure of the deposit was independent of the angle of incidence of the incoming particles and 
independent of any changes in voltage within the range mentioned. It was further found that the structure 
of the initial deposit produced by sputtering was considerably more continuous than that of evaporated films 
deposited at the same rate. This was confirmed by an investigation into the electrical properties of the films. 
Comparing films deposited by sputtering for 20 minutes and films evaporated for a few seconds the resistivity 
values showed a cross-over in the region of 120 A thickness, i.e. sputtered films below that thickness were more 
continuous in structure than evaporated films whereas above that thickness the situation was reversed. The 
author concludes that sputtered films differ from evaporated films mainly for two reasons: (1) the speed of 
the sputtered atom is slower due to collisions with the gas present in the chamber, and (2) the discharge 
in the chamber has a cleaning effect on the substrate. The structure of a deposit is influenced by the rate of 
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deposition. The faster the rate, the more continuous is the deposit. Films of a thickness above 120A should 
preferably be deposited by the evaporation method. 


conclue, qu’il est préférable d’atomiser des couches inférieures 4 100 A et d’utiliser l’¢vaporation quand il 
s'agit de films d’une épaisseur supérieure 2 100 A. 


36 —- DRYING — 36 


Drying of Bulk Products 


United States. One of the major difficulties in vacuum bulk drying is the determination of the moisture 
content of the processed material. Physical measurement requires interrupting the process for a considerable 
time which cannot be tolerated. It is proposed, therefore, to determine the final moisture content of the 
material by calculation. If the specific heat of the material and its moisture content prior to drying is known 
for a given temperature, say, room temperature, one can calculate precisely the temperature the material will 
re) cool down to, if 1% of moisture is eliminated through evaporation. Therefore, it is suggested to raise the 
temperature of the material in the drying chamber to a level, which facilitates subsequent cooling down to 
room temperature over a temperature interval determined by calculation as necessary for the reduction of the 
moisture content to the desired level. In order to ensure that the loss of heat is solely due to evaporation the 
chamber has to be evacuated rapidly after the heating-up process. 


Sommaire : Méthode pour la détermination de l’humidité dans des produits de masse, sujets au séchage et ne 
nécessitant pas la mesure physique de l’humidité. 


The Processing of Fish Livers on Board of Fishing Vessels 


Germany. A large part of the total catch of the fishing fleet in the Baltic consists of cod. The cod liver is the 
source of vitamin A and D and therefore most valuable. In the past the cod livers were stored in the open 
air and left to natural fermentation which after many months yielded a rather low-grade cod-liver oil fit for 
industrial use only. In order to preserve the vitamin content of the oil, it is necessary to process the cod liver 
as soon as possible after the fish has been caught. Three methods are described for processing the livers on 
board ship. The first is essentially a boiling process which destroys some of the vitamins and, therefore, is 
now being gradually abandoned. The second has been developed recently in Sweden and consists essentially 
of a process, whereby the liver cells are destroyed in a mincing operation and subsequently centrifuged. The 
yield is a high-quality oil, free of all water content and residual particles. The third method requires vacuum 
for its operation. A large double-walled kettle is charged with the livers and heated by means of steam to a 
temperature not exceeding 40°C. After charging, the kettle is closed and evacuated by means of a rotary 
pump. When all moisture has been evaporated the oil is set free. The plant has a capacity of 500 kg. The 
power required for the pump and a stirrer is 2.5 h.p. This compares favourably with 15 h.p. required for 
the Swedish plant. The vacuum plant can be operated by unskilled labour and can be cleaned more easily 
than any of the other two plants mentioned. 


Sommaire : Trois méthodes de préparation de foie de morue a bord sont décrites, l’une d’entre elles étant une 
méthod @ vide, laquelle selon l’auteur est la plus économique des trois. 


37 — METALLURGICAL PROCESSES — 37 


The Preparation of Rare Earth Metals 

United States. In order to prepare highly pure rare-earth metals, a technique was devised whereby rare-earth 
chlorides are reduced by Ca in Ta crucibles; the resulting rare-earth metal is vacuum-cast in Ta containers. 
Sm, Eu and Yb chlorides are reduced only to their stable divalent state and can thus be efficiently removed 
from rare-earth mixtures by such metallurgical processing. 


(Nuclear Science Abstracts) 
Sommaire ; Description d’une méthode de préparation pour les métaux de terre rares. 


Removal of Magnesium and Magnesium Chloride from Titanium Sponge by Vacuum Distillation 


‘United States. Crude titanium metal, produced by the reduction of titanium tetrachloride with magnesium, 
is contaminated with some excess magnesium and adhering magnesium chloride when it is removed from the 
reaction pot. The method of vacuum purification is described in which the crude mixture is heated in a vacuum 
at a temperature of about 1,700°F. and the magnesium metal and chloride are volatilized away from the 
titanium leaving it practically magnesium-free in a sponge-metal form. The pilot-plant equipment is described 
in detail together with the technique of operation and methods of sponge recovery. Operating data is given, 


Sommaire: La structure des films d’argent produits par atomisation cathodique a été étudiée et l’auteur- 
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which compares ten 24 to 30-hour heats with ten 48-hour heats, and, finally, power and labour requirements 
are discussed. Vacuum purification of raw titanium produced by the Kroll process has been employed for 
treating of several tons of raw titanium with results far superior to those achieved by the method of leaching 
and grinding. The operations described, while on but little more than pilot-plant scale, indicate commercial 
feasibility of the process, even though it is a batch-type operation. All equipment is either of standard 
manufacture or can be readily fabricated from standard materials, and operation of the units can be satis- 
factorily maintained by semi-skilled labour. Disadvantages of the method include the following: (1) Itisa 
batch operation. (2) Special steels are best for retort construction, because standard mild steels lack creep 
resistance at the temperature used. (3) The size of units is limited largely because of low strength factors of 
steel at elevated temperatures. (4) It is necessary either to evacuate the heating jacket to prevent implosion 
of the retort or else use a very heavy and expensive retort. 
(Authors) 


Sommaire : Détails d’un procédé de distillation sous vide, purifiant du titanium produit selon le procédé 


de Kroll. 


Cast Molybdenum of High Purity 
See Abstract No.: 108/II 


An Early Method of Vacuum—Melting Tantalum 
United Kingdom. The author recalls an early vacuum melting technique initiated by Simpson and used by 
Siemens and Halske, Berlin, during the period 1903 to 1912 for the manufacture of tantalum filaments for 
incandescent lamps. Details of the procedure and a sketch of the melting apparatus are given. The author 
believes that this classic method has still potential uses in the modern research laboratory. 

Sommaire: L’auteur rappelle une technique de fonte sous vide de tantale, utilis¢ée entre 1903 et 1912 pour la 
fabrication de filaments de tantale pour des lampes incandescentes. 


The Vacuum Fusion Technique as applied to the Analysis of Gases in Metals 

United States. The demand for high purity metals is steadily increasing. There are many fields of applications 
where small traces of oxygen, hydrogen and nitrogen in these materials can have detrimental effects on the 
performance of the apparatus concerned. In the past, mainly wet methods were used for the determination 
of these elements in metals but the vacuum fusion method which came to be known in the 1920’s offers many 
advantages regarding speed and convenience and is now well established. The author discusses the present 
state of this technique in all its aspects. 

Sommaire : Discussion des principes de fonctionnement, des utilisations et applications, de la technique de 
fusion sous vide. 


Progress in Vacuum Fusion Analysis at KAPL 

United States. This report describes the apparatus designed and constructed at Knolls Atomic Power 
Laboratory for vacuum fusion analysis. Diagrams show the arrangement and the individual components. 
The apparatus appears to be unique in the use of glass-mercury solenoid valves instead of stopcocks or U-type 
mercury cutoffs. The blank rate obtained is as satisfactory as those from other laboratories. The results on 
National Bureau of Standards samples of ‘ Co-operative Steels ’ compare favourably with those reported by 
the co-operators. Some vanadium samples were analysed and the results made it possible to show that one 
sample was inhomogeneous. Some data on oxygen recoveries from chromium-chromic oxide mixtures appear 


to indicate an optimum operating temperature of about 1,600°C. when molten iron is used as a flux. 
(Author) 


Sommaire : Ou l'on donne des détails sur un appareil perfectionné du Knolls Atomic Power Laboratory pour 
l’analyse par la méthode de fusion sous vide. 


Fundamental Reactions in the Vacuum Fusion Method and its Application to the Determination of O,N, and H, 
in Mo, Th, Ti, U, V and Zr. 

United Kingdom. The authors investigated the uses of the vacuum fusion method for the determination 
of oxygen, nitrogen and hydrogen content in molybdenum, thorium, titanium, uranium, vanadium and 
zirconium. The first section of the paper is devoted to thermo-dynamic calculations in an attempt to clarify 
the basic mechanism of the method. The authors then turn to a discussion of the practical procedure. The 
metal specimen to be examined should be diluted in a bath of iron. The operating temperature should not 
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be less than 1550°C. as this will ensure that the oxygen, nitrogen, hydrogen present are removed completely 
from the specimen in a period not exceeding 20 minutes. The operating temperature and maximum 
concentration for the materials considered are given in Table 5 reproduced below :— 


Operating Temperature (°C) 0 - 
Metal Temperature in the Bath* 
Oxygen Nitrogen Hydrogen 


* On the basis of an experiment lasting 20 min. only. - 
+ Lower temperatures than those given have not been explored. 


Finally the behaviour of each metal is discussed. Thorium was the most troublesome because its oxide required 
a very high temperature for decomposition by carbon. Titanium gave results which varied in accordance with 
the method of preparation as shown in the Table 8 reproduced below :— 


Ny H, 

O Sample Method of Preparation Form wt.—%, wt.-% wt.—%% 
A Reduction of TiC1, by Powder 0.06 0.01 ==) O08 
: Mg 0.07 0.02 0.10 


As for A Powder 0.05 0.02 0.15 
As for A Powder 0.13 0.02 0.18 


Reduction of TiC1, by Sponge 0.12 0.01 0.005 
Mg 


As for D Sponge 0.24 0.01 0.02 
; F Reduction of TiC1, by Powder 0.38 0.02 0.1 
Na 
{ G Reduction of TiO, by Powder 0.37 0.12 0.5 
Ca 0.42 0.09 0.5 
H Van Arkel Iodide Rod 0.021 0.01 0.001 
02: 0. . 


Process 


In the case of uranium difficulties arose due to the anomalous behaviour of hydrogen. Attention was given, 
therefore, to the solubility of hydrogen in uranium. In connection with this, an investigation was carried out 
on the formation and stability of uranium hydride. In order to determine the solid solubility of hydrogen in 
uranium a specimen was suspended in a vertical silica tube which was evacuated. The specimen was then 
heated to 400°C. and hydrogen admitted. Subsequently the temperature was adjusted to 450, 600, 720, 800 
and 1,000°C and held steady at these temperatures for 24 hours whilst a slow stream of hydrogen passed through 
the tube continuously. Then the specimen was quenched in mercury which was contained in a crucible inside 
the silica tube. Immediately after quenching the hydrogen was pumped off and replaced by air, the specimen 
extracted from the mercury and examined for its hydrogen content by the vacuum fusion method. The 
following table gives the results of this experiment :— 


O Solid Solubility of 
Temperature, °C Hydrogen ml./100 g. 


a-range 


Paper by 


y-Tange 800 15 & O. 
Kubaschewski 
Sommaire : Rapport sur l'utilisation et les performances de la méthode de fusion sous vide pour la détermina- 80, 1951-52 


391-407 


tion de la teneur en gaz du molybdéne, thorium, uranium, titanium et zirconium. 


Determination of Carbon, Oxygen and Sulphur in Copper 112/111 
United States. The author reports on a method of determining carbon, oxygen and sulphur content of copper 
by the vacuum fusion principle employing the mass spectrometer in substitution of the ordinary analytical 
system attached to conventional vacuum fusion apparatus. This arrangement has the advantage that the 
pumping plant of the mass spectrometer can be used for the evacuation of the furnace system thus reducing 
the construction of the vacuum fusion apparatus to that of an attachment to the mass spectrometer instrument. 
{ There is the additional advantage that the use of this instrument permits positive identification of the mole- 
cular mass. The author describes in detail the procedures of detecting the three gases mentioned. In the case 
of carbon determination the furnace consisted of an inner and outer alundum crucible placed in a boro-silicate 
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_ glass envelope. In addition a trap was provided for the purpose of converting any carbon monoxide present 
into carbon dioxide by passing it over cupric oxide. The two alundum crucibles were held in position by 
magnesia powder which was used as packing material. After degassing at 1400°C fusion was carried out at 
1150°C keeping the cupric oxide trap at 350°C. These experiments were carried out with Chilean copper 
samples which showed an average carbon content of 0.0001°% by weight. For the determination of the oxygen 
content a carbon crucible and quartz tube was used. After degassing the sample was introduced, the furnace 
evacuated and the temperature raised to 1150°C for ten minutes. The oxidation of the carbon and carbon 
monoxide was complete after that period as confirmed by tests in the mass spectrometer. The oxygen 
concentration was then studied by pressure measurements taken with a mercury manometer in the standard 
volume. Details of the evaluation of the results are given. It can be expected that traces not exceeding 
(0.00019 oxygen would be detected by this method if a few refinements were added to the present design of 
the system. For the determination of sulphur the method of converting sulphur into sulphur-dioxide was 
used. Adding an oxide coating to the copper sample and heating it to 1100°C facilitated the recovery of sulphur 
in the form of sulphur-dioxide. 
Sommaire : Description d’une application de la méthode de fusion sous vide pour la détermination des éléments 
de carbone, d’oxygéne et de soufre que contient le cuivre. 


Determination of Oxygen in Tin Metal by the Amalgam Method 

United States. In vacuum, Sn metal is completely separated from stannous oxide by Hg. The Sn content of 
the stannous oxide is then determined colorimetrically by an improved blue phosphomolybdate solution 
technique; and, from the Sn result, the oxygen is calculated. The procedure is satisfactory for the determina- 
tion of oxygen concentrations of 0.0001 % or less in Sn metal samples weighing 2 to 5 grams. The apparatus 


developed for the vacuum preparation and treatment of the amalgam is described. 
(Nuclear Science Abstracts) 


Sommaire : Procédé pour la détermination du contenu d’oxygéne dans l’étain et qui permet de déceler des 
concentrations d’oxygéne de 0.0001°% dans des échantillons pesant de 2 a 5 grammes. 


The Deposition of Metals on Ceramic Particles 
see Abstract No. 107/I 


38 — DISTILLATION — 38 


Method and Apparatus for High Vacuum Distillation 

Holland. Conventional fractional distillation columns operating at reduced pressures and separating mixtures 
of liquids tend to develop a pressure drop across the length of the column whether designed for use with bubble 
trays or as a packed tower. This pressure drop is undesirable as any attempt at reducing the pressure at the top 
of the column will be ineffective in the area near the boiler. Excessive pressure drop usually results from the 
rising vapour having to bubble through successive pools of liquid or, in the case of the packed column, having 
to pass through narrow channels causing friction. A new design is proposed where it is attempted to use the 
kinetic energy of the rising vapours to play on, and agitate, surfaces of pools formed by the reflux at various 
stages in the column. The rising vapour on its way to the condenser at the top is guided through a pipe onto 
the surface of each pool. The column is designed to operate in a position slightly inclined from the horizontal 
and the pools are being formed by transverse partitions which are connected with each other by syphons. 
Examples of the arrangements covered by the patent are given where the pressure measured near the boiler 
is 0.5 mm, Hg as compared with 0.1 mm. Hg in the vacuum line near the top of the column, 


Sommaire : Description d’une colonne de distillation fractionnée sous vide qui réduit la chute de pression 
indésirable, usuellement régnant dans ces colonnes. 


High Vacuum Fractionator 

(nited States. The described apparatus is designed to minimise thermal hazards to the distilland and includes 

a centrifuge vaporiser and a rotable brush fractionating column in which the shaft bearing the brush is cooled; 

the condensing surface is at the top of the column. 
(Chemical Abstracts) 

Sommaire : Description d’un alambic qui a pour but de réduire au minimum les hasards thermaux pout les 

matériaux distillés. 


One Man Runs Package Plant 
‘United States. A new ‘ package ’ distillation unit is described which is so extensively equipped with automatic 


controls that only one operator is needed. It is designed for the production of fatty acids from hydrolised 
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animal and vegetable fats which have been freed from glycerine. It has a capacity of 1,000 lb. cooled acid 
charge per hour. Details of the design are given. A vacuum of 5 mm. Hg is produced and maintained by a 
three-stage ejector coupled with a barometric condenser connected to the top of the column. 


Sommaire : Description d’un appareil de distillation, fonctionnant en grande partie automatiquement, pour 
la production d’acides graisseux. 


Low-Cost Still Makes Colour-Stable Fatty Acids 


United States. Details are given of a still design which is intended for the process of purifying fatty acids by 
elimination of the low-boiling fractions (‘light ends’) which tend to darken the material. It is essential that 
fatty acids employed in the production of soap, candles etc. are light in colour. The following are the main 
features of the design: The still is operated at low pressures. The operational temperature is kept as low as 
possible and care is taken to keep it as uniform as possible throughout the heating zone. The distillation 
proceeds in two stages. In the first stage the light ends are removed overhead by stripping steam. The 
remaining bulk of the fatty acids is distilled at a higher temperature in the second zone where most entrainment 
is removed in an internal centrifugal separator and the remainder dealt with by a mechanical mist eliminator. 


Description d’un alambic assurant une distillation continue en deux stades et qui, dit-on, permet 
“léger ’. 


Sommaire : 
oO d’obtenir des acides graisseux sans aucun résidu 


Vapour-Liquid Equilibria at Sub-Atmospheric Pressures 

United States. The system dodecane-hexadecene has been investigated. All details of the procedures are 
given including the method of checking the purity of the components and determining their vapour pressures. 
The vapour-liquid equilibria samples were obtained in a Colburn type equilibrium still following the procedure 
described in a previous publication (see Vol. I, Abstract No. 125/III). Data is presented in tabular form for 
the dodecane-hexadecene system at pressures of 760, 400, 200, 100, 50, 20 and 10mm. Hg. It appears that 
the system follows the ideal Raoul law in the pressure range considered. 


Sommaire : Rapport sur une étude des conditions “ équilibre vapeur-liquide.a des pressions sub-atmospheériques 
pour le systéme ‘ dodécane-hexadécéne ’ 


39 — MISCELLANEOUS PROCESSES — 39 


A Simple Method for the Manufacture of Very Small Slits 

Germany. The production of slits down to a width of 4u is comparatively easy. However, great difficulty is 

experienced if a width less than 4y is required. One method known to facilitate the production of very small 

slits provides for a wire of the desired diameter to be placed on a support and depositing metal around it by 
the vacuum evaporation method. After completion of the evaporation the wire is removed by mechauical 
means. It was found that the edge of slits produced in this manner is not quite accurate due to the roundness 
of the wire. The authors report on a different method which facilitates the production of slits of satisfactory 
accuracy and a width as small as lp (length 1 cm.). They formed threads from adhesives in solution and 

© placed these threads on a support. Before the drying of the threads was completed silver was evaporated 
around the threads.. Subsequently the threads were removed by dissolution in acetone. 


Description d’une méthode de laboratoire pour la production de fentes trés fines de ly de largeur. 


Sommaire : 


Preparation of Tritium-Zirconium Targets 

United States. The author refers to a method of preparing thin tritium targets published previously (see Vol. I 
Abstract No. 130/III), and reports that the same method, with slight modifications, is equally useful for the 
preparation of thick tritium targets. The tungsten backing discs used in the author’s experiments were 
outgassed at 2,000°C and zirconium foil 0.0003 inch. thick spot-welded on to the discs. Methodic experiments 
were made to establish the optimum temperature for the absorption of tritium by the zirconium foil. This was 
determined to be approximately 600°C + 100°C for the T* + H! mixture used. Outgassing of the target and 
absorption of the tritium was carried out in a quartz oven and a stainless steel oven containing uranium was 
used to purify the tritium and to store it. Uranium combines with any gaseous hydrogen isotope to form 
UH,;. Heating decomposes the compound and cooling allows it to reform. This effect can be employed 
for the transfer of the tritium from one vessel to another without using a Toepler pump. 


Sommaire : Commentaires concernant la préparation de cibles en tritium, avec référence particulere a la 
publication, voir résumé No. 130/III Volume 1). 
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Vapour Jet Coolers for Crystallisers 

Germany. A comprehensive treatise of the method of operation and field of application of vacuum coolers 
and crystallisers. A theoretical analysis is presented and energy equations are derived. Some operating data 
are reported and an example is presented which illustrates the computation of the required steam consumption 


for a single-stage cooling. 
hemical Abstracts 


Sommaire : Ou l'on discute le refroidissement par vacuum en tant qu'il est appliqué aux cristallisateurs. 


Frozen Mushrooms 


United Kingdom. A new method of dehydrating mushrooms is described. The mushrooms are first frozen 


to a temperature of —20°C and then transferred to a glass desiccator. The desiccator is evacuated to a pressure 
of 1 mm. Hg by means of a rotary pump and subsequently stored in a cold room at —10°C. In this condition 
it is stated that the colour, shape and taste of the mushrooms is well 


desiccation is completed in eight days. 
preserved. 

Sommaire : Méthode de séchage des champignons les maintenant a l'état congelé et leur laissant toute leur 
couleur, leur forme et leur saveur. 


Dehydrated Cheese Products and Method of Making 

United States. The conventional methods of dehydrating soft cheese do not result in a satisfactory product 
on reconstitution. The reconstituted cheese is either hard or a mixture of casein with whey solids. The method 
proposed in this patent aims at producing reconstituted cheese which is as soft as the original. It has been 
found that care must be taken during the dehydration process to keep the whey solids trapped within the casein 
curds as in the original cheese. In order to achieve this the cheese is quick frozen and subsequently the moisture 
withdrawn by sublimation in vacuum. If processed in accordance with this method the whey solids are pro- 
tected by the film of casein, when water is added on rehydration. 


Sommaire : Il est proposé une méthode de vide pour le séchage de produits fromagers, lesquels a la recon- 
stitution auraient les mémes propriétés que le produit original. 


Getting Wax from Sugar Cane 

United States. \t is estimated that some 60 million pounds of waste are thrown away annually by sugar cane 
mills in the United States alone. As a result of recent investigations it is believed that 38 million pounds of 
this waste could be utilised for the production of a hard wax which is equal in quality to the carnauba, ouricury 
and candelilla waxes. A pilot plant for the production of wax from sugar cane waste is now in operation in 
America based on the principle of solvent extraction. An alternative method is being developed in Australia 
which consists essentially of three steps (1) demineralising with hydrochloric acid (2) distilling in vacuum to 
eliminate the components of lower molecular weight and (3) bleaching with chromic acid. The distillation 
process is carried out at 300°C and 1 mm. Hg pressure. Dowtherm heating is used and a four-stage steam 
ejector employed for the production of the vacuum. 30-35°, of the lower molecular weight components are 
removed by the distillation operation. Finally, the product is dried under vacuum and flaked, if desired. The 
Australian process is estimated to give an overall yield of 50°, but its economy is still debated. 


Sommaire ; Diverses méthodes, toutes dans le sta¢le des installations d’essai, pour la production de cires tirées 
de la canne a sucre, d’une qualité similaire a celle des cires Carnauba. 
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40 —- GASES AND VAPOURS — 40 


A Thermocouple Micromanometer 
See Abstract No. : 53/II 


A New Type of Hydrogen Discharge Tube 
See Abstract No. : 79/I 


Spectroscopic Analysis of Deuterium Mixtures 
United States. The authors developed a method for the rapid analysis of the concentration of deuterium in 
a gaseous mixture consisting of more than 85% deuterium, the remainder being hydrogen. To facilitate speed 
and precision of measurement a photo-multiplier detector was employed. An electrodeless high frequency 
discharge of the order of 150 megacycles was provided. Initially an attempt was made to use a sealed-off 
O _ system, where pressure changes were carried out by means of a mercury piston, but this attempt failed due to 
dilution effects. Instead the authors employed a flow system which permitted the use of ‘ fresh ’ gas for each 
analysis. Details of the flow system are given in a sketch. Its main feature was a 3-litre flask, into which 
the gaseous mixtures were admitted through palladium tubes at an initial pressure of 60 cm. Hg. Controlled 
amounts of air could be leaked in through a stopcock. The pressure was measured by a McLeod gauge and the 
flow by a mercury column manometer. With this system it was possible to determine the effect of pressure 
changes, various flow rates and intensities of the discharge, and the effects of air impurities on the measured 
relative intensities of the isotopes lines. Pressure and intensity were held constant during the process of 
measuring. All measurements were reproducible and accurate to 0.1%. It was found that pressure conditions 
had a marked effect on the ratios of the measured intensities of the Dg and Hg lines. At comparatively 
high pressures there was a small but definite increase of D/H with increased intensity. At low pressures 
there was an increase in the ratio with decreasing intensity. This phenomenon cannot be fully explained and 
requires further investigation. 
Sommaire : Perfectionnement d’une méthode pour l’analyse rapide d’une concentration de deuterium dans un 
mélange gazeux de deuterium et d’hydrogéne. 


The Mass Spectrometric Determination of Oxygen in Water Samples 
Tsyael. Cohn and Urey proposed a procedure for the mass spectrometric isotopic determination of oxygen in 
water samples which provides for carbon dioxide to be equilibrated with the liquid water sample and then 
introduced into the mass spectrometer. From the ratio of mass peaks 44 and 46 (CO? and COO!8) and the 
equilibrium constant for the carbon dioxide-water exchange reaction, the atom percentage of O18 in the sample 
can be calculated. This method takes 4-12 hours for a single determination. The authors describe a modified 
procedure which takes no longer than 15 minutes. The apparatus required is designed to form an integral 
part of the gas inlet system of a mass spectrometer and consists of an equilibrium vessel carrying a re-entrant 
thimble at the top and a vacuum stopcock at the bottom. Inside the equilibrium vessel a platinum wire is 
mounted like a lamp filament which can be heated electrically. The stopcock connects to a vacuum line and 
O aco, reservoir. In addition, the system contains a small trap cooled by liquid air and a stopcock provided 
with a dosing cavity. Before starting a determination the system is evacuated and the equilibrium vessel 
baked by passing current through the platinum wire. Then, liquid air is introduced into the thimble and the 
sample of water (20 mg) introduced through the stopcock with the dosing cavity. The water introduced 
distills on to the thimble. A known quantity of carbon dioxide is now admitted, the liquid air removed from 
the thimble and the platinum filament heated. Two minutes after all traces of liquid water have disappeared 
the current is switched off and the reaction product transferred to the freezing trap. At this stage the system 
can be evacuated and a fresh determination started. Whilst the equilibration of the new sample takes place 
in the reaction vessel the material in the trap is allowed to warm up and as soon as the rapid evolution of 
gases ceases the trap is connected with the inlet system of the mass spectrometer. The performance of the 
new method is compared with that of Cohn and Urey. Results are shown in tables. 

Sommaire : L’auteur décrit un procédé pour la détermination de l’oxygéne dans des échantillons d’eau par la 
méthode d’isotopes au spectrométre de masse, lequel procédé est une modification de celle de Cohn-Urey, en 
vue d’augmenter la vitesse d’examen. 


A Molecular Leak for the Mass Spectrometer 
See Abstract No. : 61/II 


The Flow Characteristics of Capillary Leaks 
See Abstract No. : 68/II 
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41 — FREEZE DRYING — 41 


Freeze Drying 


United Kingdom. The working principle and history of the freeze drying technique are discussed briefly in a 
general survey of recent developments in the refrigeration industry. Pasteur, some 40 years ago, was the first 
to observe the superior quality of rabies virus dried from the frozen state. But this discovery was not properly 
explored until after 1930 when drying of plasma and serum in accordance with this method was begun on 
a large scale. The temperatures required for the freeze drying of plasma and serum range from 40° to 50° 
whilst in the case of penicillin temperatures of 40° to 90° C are used. The vacuum employed depends on the 
temperature prevailing in the drying chamber as the latter determines the vapour pressure of the ice. This 
pressure is approximately 0.1 mm. Hg at -40°C and 0.001 mm. Hg at -90°C. Ina number of cases secondary 
‘drying is desirable in order to reduce the moisture content still further. This is usually effected by means of a 
chemical desiccant. Speaking of applications, Fibrin foam is mentioned which, with the help of this technique, 
can be produced in the texture, in which it is required. The solution is injected with thrombin, whisked in 
order to reduce its density and frozen and dried in the forming condition. After completion of the drying 
process it can be cut up into small pieces for use as a haemostatic. 


Sommaire : Courte étude sur le principe de la dessication a froid sous vide. 


Processing of Milk for the Human Milk Bank 


Holland. The milk, collected locally, is sent to the Red Cross under refrigeration, tested for the addition of 
cow milk with diluted H,SO,, pasteurised, quick-frozen, and dried at low pressure below the triple point of 
water (cf. Nederland Tijdschr. Geneeskunde, 88, (1944), 565). 

(Chemical Abstracts) 


Sommaire : Discussion d’une méthode de préparation du lait human. 


Gelatine and Glue Research 
See Abstract No. : 102/I 


45 — ELECTRONICS — 45 


The University of Birmingham Cyclotron 


United Kingdom. Details are given of the construction of the Birmingham cyclotron, the building of which 
was completed in 1950. The magnet pole tip diameter is 614 inch. the effective air gap 12 inch. The flux 
density in the gap is 13,500 lines/sq.cm., and the field strength, produced with a dissipation of 200 kW is 
18,000 gauss. The magnet yoke weighs 250 tons, the copper windings 40 tons. The cyclotron operates at 
present at a frequency of 10.24 Mc/sec., accelerating deuterons to an energy of about 20 MeV. The r.f. gene- 
rator consists of a single demountable grounded-grid oscillator using the dee system as a resonant circuit. 
The oscillator valve is a continuously evacuated tube and has a power imput of 80kW. Two 14-inch oil diffusion 
pumps maintain a pressure of about 2 x 10-°mm. Hg in the vacuum chamber. The circulating ion beam can 
be partly extracted by electrostatic deflection into a tangential exit port and thence into air or into an observa- 
tion chamber some 16 feet from the cyclotron by attaching a special vacuum system to the exit port and 
deflecting the beam by an auxiliary magnet. The machine is normally used for accelerating deuterons (D*) 
molecular hydrogen ions (H,*) or alpha particles (He**). 

Sommaire : Détails de la construction et des performances du cyclotron construit a l'Universite de Birmingham 
et mis en service en 1950. 


The Vacuum System of the Birmingham Proton Synchroton 
See Abstract No. : 49/II 


A Fixed Frequency Cyclotron with 225 cm. Pole Diameter 


Sweden. The Nobel Institute of Physics, Stockholm, recently put into operation a second cyclotron, details 
of which are given in this article. The machine operates at a fixed frequency producing deuterons of 25 MeV 
energy. The poles of the magnet are 88.5 inch. in diameter at the faces, and the gap between the faces is 350 
mm. A magnetic field of 11,500 oersteds is produced at the centre with a power input of 60kW. The magnet 
weighs 400 tons, the copper windings 27 tons. 200 kV across the dees are required for operation. The con- 
struction of the dee stems is different from the conventional design. The dee stems are insulated from the 
earth and connected to the outer conductors by means of condensors which form a short circuit for the r.f. 
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current. This makes it possible to apply a d.c. bias voltage to the dees in order to prevent discharges in the 
chamber. The oscillator tube has an input of 400 kW. The acceleration chamber and the dee stem tanks 
can be evacuated to an ultimate pressure of 5 x 10-’mm. Hg by means of three oil diffusion pumps, each of a 


speed of 4,000 litres/sec. The total volume to be evacuated is approximately 7,000 litres. 


Sommaire : Détails du cyclotron, construit a l'Institut Nobel de Physique a Stockholm, et mis en service en 


1951. 


See Abstract No. : 84/1 


United States. The authors are engaged in research on the fundamental mechanisms of electrical breakdown 
between metal surfaces in high vacuum. They published previously a theory on electron-ion-photon exchange, 
In the experiments conducted at the time it was found 
that the coefficient of the secondary electron emission from metals under positive hydrogen ion bombardment 
was small. As this was attributed to the use of small collecting fields with relatively low voltage gradient new 
experiments were carried out using a hydrogen ion source of 250 KeV and providing a high cathode gradient. 
Details and a sketch of the experimental apparatus are given. 
a graph. They confirm that the value of the secondary electron emission coefficient rises with the strength 
of the extracting field, this increase being larger in the case of the molecular hydrogen ion H, than in the case 
of H, but it is suspected that the breakdown characteristics observed in these experiments were not due to 


which characterises vacuum breakdown phenomena. 


The Design of Glass Vacuum Chambers of Elliptic Cross Sections 


Secondary Electron Emission from Metals under Positive lon Bombardment in High Extractive Fields 


The results of these experiments are shown in 
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Article by 
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bombardment also plays a part in the particle exchange process. 


aux travaux antérieurs de Trump and Van der Graaff. 


Development of a Pumpless Ignitron 


1948 without arc-back. 


Investigation of the Adherence of Glass to Metals and Alloys 


tungsten, nickel, and Monel with clear and amber sodalime glass. 


et alliages. 


Fundamentals of Glass-to-Metal Bonding ; 1. Role of Surface Tension 


United States. This report is concerned with the role of interfacial 
adhesion of glass to metal. It includes a summary of the methods of 
a review of selected experimental data reported in the literature on 


dans l’adhérence du verre-au-métal. 


47 — GLASS PROCESSING — 47 


the enhanced emission of electrons only. There is a possibility that negative ion emission under positive ion 


Sommaire: Recherches sur les phénoménes des havaries electriques en haut vide, avec référence particuliére 


United States. A total life of 20 years and a life before reconditioning of 5 years is required. Welded joints 
are reduced to a minimum and special seals and gaskets have been developed. Vacuum testing by hydrogen 
and helium leak detectors is carried out after manufacture and by arc-drop measurements during operation. 
Degassing may be done by heating with a degassing current or by radiation and induction methods. Zirconium 
as a getter is mentioned but not considered necessary. A 6-tank 1,000 kW 250 V unit has been in use since 


(Science Abstracts) 


Sommaire : Ou lon donne les détails de la composition et de la production d’un ignitron sans pompe a vide. 


United States. As the per cent. carbon in iron was increased the adherence temperature was decreased. Heat 
treatment of a modified brass sample decreased the adherence temperature. Persistence tests were run using 


The amber glass has higher persistence 


values than the clear sodalime glass although the adherence temperature agreed. 


(B.S.I.R.A. Bulletin) 


Sommaire : Recherche des conditions dans lesquelles il est possible d’obtenir l’adhérence au verre des métaux 


and surface tensions or energies in the 

measuring surface tension of glasses and 

surface-tension measurements. 
(Nuclear Science Abstracts) 


Sommaire : Ce rapport traite specialement du role des tensions interfaciales et de surface, ainsi que des energies 
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